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PRESIDENTIAL ADDRESS. 
BY C . E. CR0CKER. 

vVe can look forward to great advances in ·engineering m 
the next few years, provided the economic and industrial con­
ditions permit. Doubtless means will be found to surmount 
the economic position if the industrial conditions permit. The 
progress of the world will depend on an equitable adjustment 
of the social and industrial problems with which it is at 
present faced. 

While it is recognised that the engineer has done great 
thing. towards winning the war, and, in fact, that war has 
become principally an engineering problem, it must not be 
overlooked that in the everyday life of the community, and 
in the future development of industry and living, the engineer 
must fill an important part. The engineer must divert and 
apply to peace conditions many of the discoveries and develop­
ments of science which have been applied to the war. To 
engineers are due . the suggestion or working of most great 
industrial schemes which provide the employment of and welfare 
of the people. Frequently the engineer's position, with such 
schemes, does not receive the prominence it justifies, but he 
should make himself familiar with the social and industrial 
problems of the community in which he lives, as it is largely 
on his efforts and work that the future of the country depends. 
Particularly is this so in an undeveloped country like Western 
Australia. That country is in the safest and strongest position 
in peace as well as in war which can produce within its 
boundaries the greatest part of its r equirements of raw materials 
and supplies. 

Before the war there were many industries carried on 
solely in Germany, and it was considered they could not be 
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successfully carried on elsewhere. In consequence of the ex­
igencies of the war, means have been found not only to develop 
but to make them profitable in various of the Allied countries. 
During the war most countries have developed and established 
industries which will make each more self-supporting and self­
contained. War has to that extent benefitted those countries 
whose resources were undeveloped before. Australia (but, un­
fortunately, Western Australia to the least extent ) has shared 
in this developmnt, and a number of important industries have 
come into being in the Eastern States. 

Some of tho. e industries founded on war requirements will 
ceas to exist, and others, for the product of which there is a 
goo<l Australian demand, will in any case continue operations. 
while between th se two extremes there are the class of industries 
the 'permanence of which depends on equitable and peaceful 
industrial conditions. 

By peaceful ] mean something in the nature of peace. 
I< or some years we have ceased to expect anything approaching 
absolute peace in industrial matters, but the industrial world 
has adjusted itself to the average amount of disturbance. It 
js obvious, however, that the limit of disturbance and turmoil 
which can be su.rmounted has nearly been reached. Unless 
industrial conditions at least not much worse than those which 
existe ] before the war are soon realised there will be litttle 
likelihood of new works being undertaken, and there will not 
be the necessary demand for the output of those industries 
already established to keep them going. The result must be 
the slacking off in production and decrease of employment, 
with a con equent further decline. It is to be hoped the 
commo11 sense and better education of the people will prevt;nt 
the development in England and Allied countries of the terribb 
state of affairs now existing in Europe, as a consequence, ap­
parently. of German intrigue · in Russia. The 0nly satisfaction 
we can feel is that those t~·oubles and horrors are to n large 
extent recoiling on the Germans themselves. 

lt is the duty and desire of every Australian C'nginP-er to 
utilise Australian made material in every possible mann er , and 
by so doing assist to develop and maintain those manufacturing 
undertakings already established, whilst promoting others. But 
unless those industries can supply at a reasonable price com­
pared to the prices in other countries, the development of our 
natural resources will be seriously handicapped. The imposition 
'of exceeding]~, high tariff to support manufacturing may . 
result in great harm, as there is a point in the cost of establisl!ing 
or operating every undertaking beyond which it is impossible 
to go. When that point is passed the undertaking will not • 
be established, or if already in existence, will have to ce.ase, 
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and both the Government and manufacturers will be deprived 
of revenue they would have received had the costs been lo:wer. 

It seems to me there is great danger of that happening . 
by constantly raising the tariff to support the Australian manu­
facturers, and. that it has already occurred to some extent 
and prevented developments of primary resources which might 
have otherwise been made. Western Australia particularly 
suffers from high tariffs, as not only is the cost of development 
thereby increased, but this State does not benefit by the extra 
expenditure which goes to the Eastern manufacturers. 
· Australia, and especially this State, with itr; limited popula­
tion, is essentially a country where development of primary 
resources is more urgent and important than the establishment 
of secondary industries. It is only by the development of our 
primary industries, such as pastoral, mining, agricultural and 
timber, that a permanent stability of the country can be 
established, and the population increased so it will be sufficient 
to upport those secondary industrier; we all desire to see, but 
which must have a certain local demand to assist them in 
competing with their products in outside markets. 1 t is to be 
hoped the policy of increasing tariffs in su}Jport of manu­
facturers will not be carried to the point of :mothering our 
very important primal'y industries. Experience of tht' past 
indicates that every ri se of Customs duty is followed by a 
corresponding increase in 1wicl' by the local manufacturers, and 
it r emains possible for the outside manufacturers to till compete 
while the consumer has to pay the higher price. If the higher 
duty was effective in ;:topping the imported article and the 
Australian manufacturer maintained the old price, the tariff 
would benefit the manufacturer and not handicap the consumer. 
It is, of course, necessary in some cases for the manufacturer 
to- raise his prices on account of increased wages and cost of 
. upplies, but there are conspicuous cases where, as we are all 
aware, the local prices are merely adjusted to meet the imported 
price, and the use of the former is not increased as it should be. 

Although in Western Australia we have not during the war 
experienced the good times and industrial activity which the 
Eastern States have experienced, consequent on the great ex­
pansion of manufacturing there, it is quite possible on that 
account we hall feel less reaction in consequehc.e of the termi­
nation of the war. 

The construction of glass bottle works, and the progress 
which has been made towards the establishment of f;·eezing 
works aud cement works, are the most satisfactory developments 
towards new industries of the past year. All are works which 
the State needs, and they should be successful. The cement 
works are of particular interest to engineers, as the require­
ments for cement in engineering works and roads is eonstantly 
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increasing. If the alkali works, of which a good deal has been 
heard, and for the building of which there appears to be a 
fair hope, are established, they will do much to promote other 
industries and the utilisation of the natural resources of the 
State. In these there is much of interest to the engineer, and 
we must look to development of primary industries, and par­
ticularly to agriculture, to provide the population which is 
necessary before we can have an extensive demand for the 
solving of the engineering problems involved in the secondary 
manufacturing industries. 

Agriculutral conditions in WestPrn Australia, which have 
proven so difficult in the past, may yet be overcome by the 
application of engineering knowledge to farming. The farmer, 
like many another, is turning more and more to the engineer 
and machinery to meet the tasks he encounters. During recent 
years, owing ~o shortage of horses and labour, the introduction 
of machinery ou the farm has progressed rapidly. Oil and gas 
engines have become quite familiar machines to the farmer, 
and in many parts of America the distribution of electric current 
through extensive rural districts has been accomplished, to 
the great convenience of the farmers. Parm tractors have 
done much to assist the agriculturist. When we read of a 
50,000-acre wheat farm equipped with twenty-eight tractors, 
plowing up to 392 acres in one day, we realise their importance 
to the farmer. The use of -machinery and motcrs on the farm 
should add an interest which will help to make the boys more 
satisfied to take up farming and remain there. 

Motor traction on the roads is well worth the attention 
and study of our local engineers. 'fheir application as feeders 
to the railways should bring many distant farms into reasonahle 
communication with the markets. They may also prove practical 
for use in opening up new country instead of constructing 
railways, at least until the settlement is sufficient to justify a 
railway. Tractors and trailers of the caterpillar type will 
successfully negotiate almost any country without roads, but 
the building of a road for tractor traffic provides at o11ce the 
good road so much needed in all country districts, while the 
construction of a railways leaves the road problem still to be 
dealt with. This road problem, which is now recognised as 
being so important to the community, is receiving a great deal 
of increased attention in the Eastern States, a11d should do so 
here. The great waste which occurs in the making and main­
taining of roads in so many places is palpable to all. lf our 
roads engineers could impress on the governing bodies the 
great waste of money which occurs by saving a little capital in 
improperly making a road in the first place, and then letting 
the road, such as it is, go to wreck through lack of prompt and 
proper maintenance, it would be a long step towards the realisa-
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tion of good roads. The proper construction of a road at a 
larger capital expenditure will show a great ultimate saving 
of public money, over an inferior cheaper road requiring large 
expenditure on repairR and early reconstruction. Whatever 
the type of road conRtructed, however economy requires that 
repairs should be made promptly and constantly before it is 
destroyed and requires rebuilding. We see mm1y cases of this 
where a few pounds spent on prompt maintenance would save 
many pounds in the end. 

Some interesting tests of th e tractive effort required on 
(lifferent kinds of roads have been made, which are very con­
vinc~ng of the waste of energy which occurs in operating traffic 
on bad roads. Trials vvere made with a 2-ton truck, and gave 
the following result :- Earth road, slightly muddy, 5.78 m.p.g. ; 
gravel road, fair condition, 7.19 m.p.g.; gravel road, excellent 
condition, 9.39 m.p.g.; bituminous macadam, usual repair con­
dition, 9.48 m._p.g.; brick road, cement grout, fair condition, 
9.88 ~n.p.g . ; brick road, cement grout, excellent condition, 11.44 
m.p.g.; concrete road, surface good,· 11.78 1.0..p.g. Showing 
that 25 per cent. more petrol was required on an excellent gravel 
and 64 per cent. on the average gravel road than on a smooth 
concrete surface. Equally remarkable are the tests of the pull 
in pounds per ton of load with a horse-drawn wagon weiglring 
three tons gross. These were :-Loose gravel, not packed, 263 
lbs. per ton;; hard earth road, fine dust, 92 lbs. per ton; gravel 
road, good normal, 78 lbs. per ton; water bound macadam, 64 
lbs. per ton; concrete base, · asphaltic oil and screenings top, 
49 lbs. per ton; unsurfaced concrete, 28 lbs. per ton. Showing 
that one horse on a good concrete surface would do practically 
what three were required to do on the usual gravel road. 

In line with the rapid development of petrol traffic has 
been the extensive increase in the use of the electric vehicles 
for town use. Previous to the war, electric vehicles were in 
extensive use in America, but the petrol restrictions have caused 
them to be rapidly developed and utilised in England. So 
satisfactory were the first vehicles, that they have been adopted 
in great numbers, until such firms as Harrods T..Jimited have a 
fleet of sixty, varying between one-half and two-ton capacity, 
and the Midland Railway Compan operate a fleet of seventy-six 
of two and three tons capacity. There are in use in Perth 
two electric lorries of one ton capacity, and these have given 
the greatest satisfaction. One having a speed of 12 miles per 
hour has been in use for over two years, and has run 9,000 
miles, doing up to 20 to 30 miles per day. During the time it 
has never been broken down or laid up for repairs beyond 
own·haul and attention to the battery. lt is equipped with 
an Edison battery. The costs per 12 months are as .follows:­
Material (including tyres, oil and grease), £36 7s. 6d. = 1.64d. 
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per mile ; electric current, £20 12s. = 0.93d. per mile ; labor, 
exclusive of driver, £8 10s. lld. = 0.39d. per mile. Total costs. 
£65 10s. 5d. = 2.96d. per mile. The other vehicl e is rated at 
a . pc d of 20 miles per hour. It has not been in such con tant 
use, but ha· proven entirely satisfactory, having run a total 
of 6,763 mil es. 'l'h e operating costs are :- Material (no tyres 
y t r n ewed ), including oil ,grease and battery maintenance, 
£17 16s. 6d. = 0.63d. per mile; electric current, £68 19s. 2d. = 
2.44 d. per mile; labor, exclusive or driver, £2 10s. lld. = 0.09d. 
per mile. 'l'otal to date, £89 7s. 4d. = 3.17d. per mile. P erth 
being fairly level is especially suitable to electric vehicles, and 
they will c rtainly come into extensive use when they are avail­
abl e, as the eo t of operating is greatly less than with petrol , 
and none of the delays are experi enced, as the machine are 
alway: r eady for work. 

W e can expect the greater part of the delivery and cartage 
work of Perth to be done in the future by electric vehicles, with 
much les. noise and disturbance in the street , and a great 
aving in costs of operating. The mall electric passenger car 

should also be of mo t valuable use here for town work, like 
that of medical men. Not only are electric velticl e<; profitable 
to th e o·wner, but they are well worth encouragement by the 
central electric supply authority. Although the current r e­
quired for charging one vehicle does not in itself seem ver~· 
great, when a number are in use the combinPd consumption 
totals a large amount. A an illustration of thi. , a fie t of 
fifty-two five-ton wagon. in use by a delivery ompany in 
New York con umes 12,000,000 units annually for charging 
purposes. Another advantage to the ceutral station i that to 
a large extent the charging can be arrang d for off peak hours 
by :fixing a lower charge for current consumed during that 
period, thus evening up the load curve, with a large increa. e 
of revenue. 

'rhP establi hment of the Bureau of Sciencr and Indu try 
by th e Commonwealth Government is a move in the right 
dir ctiou, and wh n placed on a firm footing it : hould do a 
great deal toward developing Australia , and co-ordinating the 
divid eJ effort of the ''arious States in that clireetioJL Western 
Au tra lia is specially fortunate in having been selected as 
the site for one of the Forest Laboratorie of th Bnreau. The 
establishment here of the laboratory hould lead toward m >thods 
being found to conserve our forest wealth and utili. e the great 
waste of timber now occurring. In addition, it will be of 
assi tance to scientists and engineers ·a. it i , I believe, to be 
equi1 pP.d as a standardising and testing laboratory as well. 

rot only should means be found to make ome use of the 
timber waste which occurs at the saw mills, but there are 
millions of tons of timber destroyed annually in clearing opera-
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tions which is not considered of value now, but for which it 
is a great pity some use is not found. If only a comparatively 
small value could be placed on that timber, it would greatly 
assist the farmer , and would have the additional effect of 
causing people to be more careful to prevent the spread of 
bush :fires, which are the cause of much destruction of timber. 

Engineers generally must t ake a .keen inter est in such 
work as that of the proposed Forest Laboratory and the Bureau 
of Science and Industry, as the line separating the Engineer 
from the Scientist is very feint. At th e least it is th e Engineer 
who develops and applies to indnstry the discoveries of the 
Scientist, and the two must always work closely together. 

One of the greatest effects of th > war has been to promote 
a campaign for saving and economy in all directions, and 
especially toward economy of coal . This has had two principal 
effects. One is the increased use of town gas, and the other 
the extensive consideration of schemes for the centralisation of 
electric power supply. In England and also in the Eastern 
Australian States the demand for gas for domestic use has 
increased so rapidly that th e efforts of · the gas undertakings 
have been taxed to the utmost to meet it, and in many cases 
they have not been able to do so. A few years ago those in­
t er ested in gas supply feared that the improvement of electric 
lamps and cheapening of current would be the death of the 
gas business. Although electricity has practically superseded 
ga · for lighting, on th e other hand, the use of gas for cooking 
and heating purposes ha. r apidl y increased. 

The movement f01 · th e substitution of large interconnected 
electric generating station. , erected at uitable places, for the 
numbers of smaller plants, is growing stronger in England. 
in view of the great economy of coal it would effect. The Coal 
Conservation Sub-Committee appointed by the Brit ish Parlia­
ment, in their report on the eo. t of power production in the 
United Kingdom, estimate the present coal consumption for 
that purpose at 80,000,000 tons annually, and that by a suitable 
arrangement of larger central stations to upply this power , a 
saving of 55,000,000 tons p r annum would be effected. In 
view of the coal situation and supply available, such an economy 
cannot long be ignored. 

The proposal for the development of the M:orwell coal 
deposit for the generation of electricity to be transmitted to 
Melbourne, a distance of 90 miles, is being pressed forward, 
and a Commission has recently been appointed to control the 
proposal. 

The need of the present time for economy, together with 
the provision of the best possible conditions for the encourage­
ment of manufacturing and industrial establishments, all tend 
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to the development of the central electric supply. The avail­
ability of such a supply is always a great inducement for the 
establishment of industries requiring power. The establishment 
for Perth and the metropolitan district of the electric supply 
from the Government station at Ea::::t Perth already •provide 
a very excellent service for the district extending from beyond 
Midland Junction to the Henderson Naval Base, with the ex­
ception of the supply in the municipal districts of Subiaco and 
Claremont, which still retain their own plants. During the 
past year, notwithstanding the non-arrival of much of the 
equipment, consider able progress has been made in the change· 
over of the services in Fremantle and Perth to the new system. 
The tramways in Fremantle have been changed, also the larger 
portion of the lighting, including that to North Fremantle and 
Cottesloe. In Perth, conversion has progressed under consider ­
able difficulty, until all Perth, except Leederville, the residential 

·portions of West Perth, and a part of the business district 
west of Barrack Street, has been changed. The lighting system 
of South Perth is now also on the new supply. 

Without considering the much discussed question of the 
voltage and frequency adopted for the Government supply, 
there can be no doubt that the fact of the supply being available 
must assist in the establishment of industries. The current 
can be sold at a price which is considerabiy cheaper than steam 
power can be generated· in the usnal private p lant, and which 
will more than compete with the gas engine when all capital , 
maintenance and repair costs are t<:~krn into consideration . 1'he 
gas engine power costs look very attn1ctive wh en only fuel is 
considered, but when full allowance is made for extra capital 
charges and the cost of repairs and maintenance, and extra 
operating charges which occur with the gas plant, and for the 
greater reliability and increased working capacity of electric 
drive, due to absence of interruption, the user generally finds 
in favor of the electric drive. 

It is unfortunate that the electric supply of the metro­
politan district is controlled by so many authorities. The result 
of this divided control is a considerable variation of the price 
at which current can be supplied to the powC:r consumer in 
the different portions of the district. The P er th Gas Company 
controlled the electric and gas supplies until t he undertaking 
was purchased by the Municipalit~ · of P erth. The concessions 
held by the company covered the Mnmcipality of P erth, and 
gave them also the right to supply to any district lying within 
a five-mile radius of the Post Office, P erth, subject to the 
consent of the local governing body of the district. On the 
inauguration of the Government central power scheme, the 
Act of Parliament, known as the Electric Light and PoweF 
Agreement Act, 1913, fixed the relations between the Govern-
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ment and the Municipality, and embodied the agreement for 
the l\Iunicipality to purchase oll current in bulk from the 
Government. That Act confirms the right of the Municipality 
to supp ly CUlTPnt (with the consent of the local authority ) 
to "any M uni ·ipal Council or LocaL Board whose district is 
situate wholly or partly within a radius of five miles from 
the General Post Office,'' and provides that the Government 
will not snpply unless the. Municipality fails in its obligation 
to do so. 

'l'he provision would appear to be a very fai.r one, but the 
effect of the different rates for current it establishes is regret­
table. By reference to a map of the metropolitan district it 
will be seen that the area coming within the provisions of the 
Act and over ' hich the Municipality of Perth has the right 
to distribute and sell current extends from the Northern boun0-
ary of the Perth Road Board ,nea1· Balcatta Beach, to the 
Southern boundary of the Jandicott Roads District, a distance 
of approximately 23 miles, and .from the Eastern ·boundary 
of the Bavswater and Belmont Parl' Ronds Districts to the 
coast, about 13 mil e. · in the widest part, and includes Clai·emcmt, 
but not Uottesloe. 

Although Fremantle Municipality have a similar right· to 
supply within a given area, the Perth rights 11re prior where 
the areas interlock. Now it will be r ecognised that in all the 
areas outside of those controlled by Perth and FremantlP., the 
Government ean supply either direct to the local body, 0r, with 
their con ent, to the private consumer. 'l'he effect of all thi 
is that the Government, which generates the .current, ean supply 
more cheaply than the municipalities, which have to buy from 
the Government and distribute and re-~ell. In the same manner 
Perth and Fremantle can sell current more cheaply than those 
local bodies, such as South P erth, which purchase from the 
two principal municipalities. The result of the arrangement 
must work detrimentally, to a serious extent, to the various 
districts, and hamper the establishment of industries. An 
industry requiring a considerable amount of power will natur­
ally, if possible, locate where power can be purchased directly 
from the Government at the lowP.st price, and. secondly will 
prefer the area. supplied directly by Perth or Fremantle, and 
will not be able to pay the price which would have to be charged 
in the other district, such as South Perth. Industrial establish­
ments will, therefore, unless it is essential for them to be near 
the city, be driven out of the municipal areas, much to the 
detriment of those municipalities. This is not as it should be. 
It should be possible for any power user to establish his works 
in any permissible locality which may best suit his requirements, 
and be able to obtain the same rate for the current as at any 
other locality. There are numerous matters, such as access, rail 
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facilities, market, etc., which are the principal considerations. 
and would affect the power consumers· choice if the power 
rate was not different. This is a serious detrimental feature 
of the present arrangement of power supply in the mE-tropolitan 
area. It might be rectified only by an Act of Parliament 
establishing and fixing a uniform scale of charges at which 
power should be supplied by all the authorities, if that were 
possible. But that would necessarily hamper the Government 
supply, and affect the use of the power, as such a rate would 
have to be sufficiently high to cover the costs of the mum­
cipalities and their profits. 

The only satisfactory solution, and the oue which would 
be th e best for th e whole area, would be that the whole of the 
supply and distribution should be controlled by a trust. Such 
a trnst would th en supp ly direct to all consumers at a uniform 
rate which would be the lowest possible, and power consumer · 
could pick their site where other conditions wer e most suitable. 
'l'he undertakings then would be able to supply at a lower price, 
and considerable capital expenditure in line duplication would 
be saved. Also the service could be extended by the Trust to 
any district requiring or justifying such 1 extension, without 
the present complications which arise as a result of the different 
rights affected. 'fhe whole tendency of trust control would be 
for greater economy and better working. Such a system can 
never be as efficiently or smoothly operated under a Government · 
or Municipality. The trust would have to be constructed with 
a nominal capital to cover the loan indebtedness of the present 
unde1-taking. , and become responsible for the interest on and 
repayment of those loans, and profits would be divided between 
t he Government and local bodies in proportion to their interest 
involved, .or by arrangement, probably the Government loan 
being ultimately paid off. The personnel of the trust would 
b e representative of the different interests involved. Details 
of the composition and working of such a trust would reqnire 
working out, but ar e not in. urmountabl e, and the r esult would 
be be11eficial , as tru. t control of such a public undertah'ing 
is the only satisfactory system, and must eventuate in time. 
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ON THE RAPID SEASONING OF JARRAH. 
Bv Ar.FRED TOMLIN ON. 

Within recent years considerable interest has been awak­
ened in the timber industry in connection with the so-called 
artificial methods of seasoning timber. In Western Australia 
rapid seasoning methods have, hitherto, been largely unsuccess­
ful. Positive results, however, have been obtained lately on 
Jarrah and Karri, and the purpose of this short paper is to 
introduce and analyse respectively the methods and results of 
these investigations. 

Mr. H. D. 'fiemann, of the United States Fore try Service, 
has probably done more than anyone else to foster the interest 
in kiln drying, and on.ly those who have considered the problem 
can truly apprE'ciatE' the work be has done. The author wishes 
to acknowledge his iudebtedness also to Mr. C. E. Lane-Poole,* 
Conservator of Porests, and to Mr. A. McNeil, Milla.rs' Timber 
& Trading Co., and also to the senior engineering students at 
the University, particularly Mr. 'l' . Cnllity, B.E. 

lntt·odnction.- Wood, next to . tone, is doubtless the earliest 
material used by man, and ha. erved his needs more than any 
other sn bstance. Many kingdoms have risen and fallen and 
become extinct, as the forests have flourished, been wantonly 
destroyed and perished. Although wood has been in use so 
long and so universally, there still exi 'ts a remarkable lack of 
knowledge regarding its nature, and so it is often treated and 
used in a faulty and wasteful manner. The reason for this 
imperfect knowledge is probably due to the fact that wood is 
a direct product of vital processes, and thu neces. arily presents 
variations, possessed by all living pecies, which place it in a 
category somewhat different from that of mineral or manu­
factured substances. Cellular structure i11 wood and the quali­
ties that attract and nourish micro-organisms have no counter­
parts among the inorganic materials. Evidently, it is difficuit 
to study timber for the purpose of establishing general laws. 
Thus, experience shows that all methods of seasoning are not 
suitable for all woods. However, as will pe seen later, certain 
laws or principles have recently been established in regard to 
drying timber, and adjustments, obtained by direct experience, 
are merely required to select the proper method in any par­
ticular case. 

Necessity fm· Sea.soning.- Woods deteriorate or fail, from 
use (wear and tear), expo. ure ( e>..l)an ·ion and contraction), age 

* See Bulletin No. 1, W.A. Woods and Forests Dept. 
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\ brittlene. s ), decay (fungous disea e ) , fire, marine life and 
land life (wood borers) ; and they are defended more or less 
··uccessfully by seasoning, internal and external treat­
ment. The term seasoning, a is well known, refers to certain 
processes designed to remove water from timber. Woods dry, 
hrink, arc . terilised and cured, and otherwise improved by 

these processes, as moisture greatly affect. the phy ical 
propertie , and tl1 e removal of exce s of water causes 
the wood to dry, shrink, O'ain appreciably in st1·ength 
and . tiffncss, and decrease iu weight. 'l'he durability of the 
wood i s also i ncreasecl during the drying proce. owing 
to the preparations contained in th e sap that are of an organic 
]Httrefa ctive nature undergoing radical alterations. 'l'he altera­
tions are of snch a nature a to sugge t the change that take 
placP in fruits wh cu they are sterili ed and cured. ince it is 
natnra I for fell ed timber , dead wood, as with othe1· product of 
life proce!':ses, to rot and decay, , ea. oning mu. t be regarded a 
an ~11tifi c ial process. Tt may be noted that in nearly all case 
scasoni ng precedes intemal or cxt 'J'JJal treatment the latter, 
hOW<' \ '!'1', will not be dealt with in thi · paper. 

IJ'I'y?;llg and Slwinkage.- Tt is an easy matter to merely dry 
woo<l. bnt it i difficult to dry it so that every part will shrink 
togeth er. At th e outset it must be recognised that drying wood 
is not simply a matter of evaporating moi. ture, a in the ea e 
when drying, say, clay or fabrics . Wood, wh en drying, checks or 
splits. more or .le s. This is due to the uneven drying out of 
the wood and th e consequent strains exerted in opposite direc­
tions by the wood fibres in shrinking. However, as will be seen 
later, it is po sible to control, more or les , thi checking or 
plittiug by arranging for the wood . ub tance to be kept in a 

plast ic state during the greater portion of the drying operations. 

D1·ying combines two pt·oblems.- Th e drying of wood is 
an art which properly combines two distinct problems, viz.:­
One has to do with the physical conditions involved in the ex­
traction of the moisture without injury to the material, and the 
oth r i. co11cerned simply with the means for evaporating 
moi. tur .. These will now be dealt with in order. 

Physical behaviou1· of wood undm· heat treatment.- Wood 
i composed of innumerable minute hollow structural units 
known as wood cells or wood elements, which form a network 
making up the wood tissue. These cells differ from one another 
in shape and , izes, in the thickne s and surfaces of their walls, 
and ~n, the ways in which they are arranged. Briefly, the ar­
rangeme:qts of the wood elements in softwoods is, on the whole, 
simpler than in the ha.rdwoods, so that shrinkage effects in the 
former a1'e not so complex as in the latter. It is obvious, there­
fore, that the seasoning of softwoods is a simpler proposition 
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than that of hardwoods. Of the material associated with the 
wool lements by far the most important is water, which acts 
by di tending the wood elements, and thus making them weaker 
and more pliable. Fibre Sati~mtion and Shrinkage.- Freshly 
cut \Ve t Au.-tralian wood contains anywhere from 30 per cent. to 
250 per c •nt. of the dry weight of the wood in water. If kept in 
the air long enough, the moi.ture COlltCllt of the wood finally comes 
into Pquilibrinm with that of the surrounding atmosphere, and 
may bt• taken as 9 per cent. to 12 per c nt., depending on the 
sea on. 

Ob <•rvation how. that water exists in wood in two con­
ditions:-

( i ) As f-ree wate1· contained in the ell caviti (i. e., 
mall particles) . 

(ii ) A fib1·e moist~~re a h. orbrd in the cell wall· (i.e., 
hygroscopic). 

When containing just enough water to saturate th cell walll!l 
the wood is aid to be at t he fibr atnration point. Any water 
in cxc s of this which th wood may •ontain is in the form or 
free rri.oi turc in the cell caviti :. As might be anticipated, by 
likrning the wood tis. ue to an m·clinary ponge, removal of the 
free wat r has usuall.' no appar nt effect upon the propertie 
of the wood exc pt to reduce it weight, but as soon a any of 
thP fibee moisturp is remov€cl structural change take place in 
the cell wall and the wood b gin to shrink. ince the free 
water is the fir:t to be removed, shrinkage doe not begin, a a 
rule, until the fibre saturation point i reached. In the case of 
J arrah and other Eucalypts, and some of the Oaks, however, 
shrinkaO'e begins well above this point. For most woods the 
fibr aturation point corr esponds with a moisture content of 
25 per cent. to 30 per cent. of the dry weight of the wood. 
\Yith Jarrah, hrinkage begin even when green, with a moisture 
content of 70 p r cent., say and continu s until dry. For this 
rea on, it ha been found difficult to obtain the fibre saturation 
point. 'l'h i a ]!-important point has, hmvever, recently been 
established, its value being about 30 per cent., and the details 
of the investigation are given in Appendix II. It is believed 
that the contraction at first (green to fibre saturation point) is 
due to a form of collapse of the cells and afterwards (fibre 
saturation to dry) to the ''true'' hrinkage of the cell walls. 

How wood dr·ies.-Clearly, an understanding of the pheno­
mena which takes place as wood dries is of fundamental import­
ance. In all seasoning proces es the removal of moisture is 
entirely by · surface evaporation, and the interior water must 
pass from cell to cell until it reache the surface. A movement 
of water between any two portion necessitates a gradient of 
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moisture condition, or a difference in temperatur e, and evidently 
the surface must be drier than the inside. Again, the ''maxi­
mum" rate of drying is reached when moisture is evaporated 
from the surface of the wood just as fast as it is transmitted 
from the interior. Exactly how the moisture passes through 
tbe wood is not known. Experience justifies the belief, however, 
that if thi rate of evaporation is exceeded the columns of free 
water, with their wick-like action, become interrupted or broken 
with air between, and a retardation of the transfusion of free 
water from the inside takes place: the fibre moisture begins to 
evaporate from the m·face, which sets (i.e., surface plasticity i 
destroyed), and a casehardening takes place. If thi maximum 
rate is not exceeded, a continuous flow of the free water from 
the interior to the surface takes place until the free moisture has 
passed off and the fibre saturation point r eached. On further 
drying, evidently the :fibre moisture must pass outwardly to the 
surface through the substance of the cell walls themselves, and 
not, as the free water, throngl1 the cell cavitie. or pores. The 
fibre drying operation i now comparatively simple, although 
obviously much slower than when evaporating the free water. 
'l'hu. all drying curve show a considerabl e lowing down near 
the :fibr0 saturation point. 

IIow wood may be inj-u.1·ed in drying.-In drying, wood 
may be degraded or injured through checking or splitting, case­
hardening, honeycombing, warping or twisting, and collapse. 
These defects, as pointed out before, ar e caused by unequal 
. hrinkage, and the matter is dealt with at length in Appendix I. 
Briefly, checking, , ca:ehardening and internal checking or 
hon eycombing i due to t he outside of the wood drying con­
siderably faster than the inside; warping or twisting is clue 
to uneven grain, irr,egularities and blemishes, or bad stacking; 
collapse is clue to wet wood and high temperatures. Prong tests 
will indicate the state of strain or particular degrading tendency 
clue to nnev n drying across a ection. Figure I shows sections 
cut from jarrah boards with a strip sawed from the centre of each 
section . If the outside is appreciably drier than the inside, 
but above the fibre saturation point, the stresses cause the prongs 
to curve outwards as at A . The degree of curvature may be 
taken a a measure of the tendency to check or split on the 
out ide. If the outside of the board has reached the fibre 
saturation point and i. appreciably drier than the inside, the 
str esses cause the prongs to curve inward as at B, and bind on 
the saw. This indicates casehardening, and, as before, the 
curvature may be taken as a measure of the tendency to inside 
checking or honeycombing. It must be noted that in prong 
tests the presence and type of objectionable stresses in the timber 
should be apparent immediately after sawing. The subsequent 
behaviour of the prongs when left in the air represents a de-
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vclopmcnt which has materialised after the timber has left the 
kiln. (See Appendix I. ) 

Httmidity in Drying.- Observation shows that if dry heat 
is applied to the wood the surface will become entirely dry and 
casehardened, often before the interior moisture is heated, let 
alone removed. The cause is due to the fact that the surface 
evaporation is too rapid; for the surface must be kept soft 
and moist, and the pores left open until all the moisture within 
ha been evaporated from the surface. It has been seen that 
for ucce ·. ful drying, th e surface evaporation should not exceed 
the rate at which the free moisture is tran mitted from the 
interior. Evidently, the humidity of th e air at the surface will 
be the controlling factor. For succes it will be necessary then 
to arrange for the humidity (often 85 per cent. at commencement 
of operation. ) to be such that it will prevent the surface from 
drying much below its fibre saturation point until all the free 
wat ,r ha evaporated , \Vhen th e free water has finally evapo­
rated, the crucial point in the drying has passed , and there is 
little O.anger then of injury to th wood. The relative humiditi 
may then be gradually reduced ( sa~· , nltimately, to 40 per cent. ) 
t o removf' tlw fibre moi ture. 

S easo11ing P1·ocesses.- Three groups of proces es are em­
ployed to season woods. They are air or yard seasoning, water­
sea ·oning, and kiln . easoning. In general, from two to four 
year · must often pass before one inch boards are dried by nir 
. easoning. It i. expensive to hold tock so long, and it is 
dangerou because of fire. . In particular, it is believed that 
the climatic condition obtaining in Western Au tralia militat e. 
aga.inst a r ea. onabl e control of air seasoning operations on the 
comparatively difficult to . ea. on native hardwood , such as 
jal'ralt and karri. Air . a ·oning r equires so much time, that 
it is frequentl y combined with some other method. Before 
woo<l l> ar thu» yard . eason d th ey are often soaked in water , 
and sometilll e.- drying commenced by this method is completed 
in a kiln. Kiln sea oning originated with attempt to prevent 
warping and checking in . pccial pieces. In the United tates of 
America nearly all hardwood , ave those in large construction 
pieces, are now seasoned by the kiln method. Drying proceeds 
rapidly, and detail such a humidity, can be controlled in 
kilns a they cannot be in air or water sea oning. It is believed 
that the n cessity of . hortening the time r equired for the drying, 
and the advantages of producing uniform and reliable material 
will nowadays compel u to resort to artificial methods, and 
·o kiln drying alone will be considered in what follows. There 
are many details and combinations, but the factors that in­
fluence kiln design and operation in all cases· are circulation, 
humidity and temperature. 
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Conditions and Cont1·ol for Evaporating Moistw·e in Kiln 
Drying.-Con ideration will now be given to the second problem, 
before referred to, in the art of drying timber, namely, "the 
means for evaporating water in wood.'' On analysis, it is 
found that for a kiln to give ati factory results it is necessary 
that the fundamental important conditions, viz., circulation, 
humidity and temperature, should be under proper control. If 
any one of these conditions is faulty, bad results must be ex­
pected. In the dry kilns, moisture is removed from the timber 
by surface evaporation only, and this requires heat. If only 
a few piece· of timber are to be dried it is po. sible to heat them 
by radiation or conduction, but with a stack of timber the 
beat mu. t b conveyed into the interior of the . tack by con­
vection or movement of the . urrounding medium, u. ually air 
or steam. Again movement is required for the removal of the 
evaporated moisture. Evidently, movement or circulation i 
necessary for drying to tak place at all, and o i of first 
importance. The humidity is of next importance, because upon 
it ·depends the control of the proper dryinO' of the timber. We 
have seen that by using a high humidity the surface of the 
timber is maintained in a moist condition, while the water i 
being drawn from the interior of the wood: too low a humidity 
will generally r esult in checking, casehardening and honey­
combing. The temperature depends upon the species and 
condition of the timber. Obviously, it is advantageous to have 
a high a temperature as possible, both for economy of operation 
and speed of drying, but the physical properties of the timber 
will govern thi . 

Theoretical analysi. shows that the use of water 
vapour, below or above atmo. pheric pressure, with no 
air present as a circulating medium would be the most economical 
way to dry. In practice, however, owing to the practical diffi­
culties arising, it is found that the air is the mo. t efficient 
medium. Calculation shows that about 1,000 cubic feet of air 
are required to theoretically evaporate 1 lb. of water under kiln 
conditions, so that a large amount of air must be brought in 
contact with the wood in order to dry it. The proportioning of 
the kiln as well as the arrangement of stacking the timber to 
be dried also must be carefully tudied (Figure 5). For it 
is nece ·ary that the moving air come in contact with every 
portion of the timber to be dried. If the air stagnates when 
in contact with the timber, the temperature will drop and the 
humidity will rise to a condition of saturation, so that drying 
cannot take place and the timber will tend to rot. Again 
experience shows that the natural air movement through a stack 
of moist timber is in a downward direction. This is not self­
evident. However, calculations show that in the usual kiln 
operations the combined result of spontaneous cooling and in-
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crease m humidity incr eases the den. ity ufficiently to eau e 
the air to descend. Provision must be made in stacking to 
comply with this principle. Another priiteiple of equal import­
ance is that the stacked boards should not be placed so as to 
baffle t he air currents, otherwise the moving air will short­
circuit the tack. and not pass through them. [n the case of 
movement of air by fans or blowers through a t ack of timber, 
the motion is dLle to differ ences in pres ure., and between any 
two portion of the kiln which differ in pres ure the air will 
flow along the path of least r esistan ce. Since the r esistance of 
various portions of th e pil e must nP<'essarily differ greatly, the 
velocitie. of th e air will al ·o differ accordingly. [n this r espect 
forced dmught differs s. entially from natural circulation pro­
duced by differ ences in density. Natural circulation is also elf­
adjusting. Aga:in, unless the draught is invariably in the same 
direction as the natural tendency, it will operate against it. For 
these r easons forced draught of it elf i not apt to give uniform 
drying, except when it is properly combined with the natural 
system. ln choo. ing a kiln the control · of th e three fundamental 
conditions, togeth er with the other principles mentioned above, 
must be carefully consider ed. It i · found that commercial kiln 
drying failures are u ually due to faulty circulation. 

Typ es of Kilns.- There are dozens of kilns on. the market. 
Present practice in kiln drying, in the various parts of the world 
varies enormously. Even with the same species of timber and 
for the same purpose, all kind of condition are met with. 
Temperatures vary anywhere from 70° to over 220° F ., and 
1-inch timber, requiring from 2 to 30 months' yard seasoning, 
is kiln dried in from two days to six weeks. Usually hardwoods 
are dried at a much lower temperature than softwoods. 'fhe 
dry kiln, however, has been one of the most troublesome factors 
arising from the development of the timber industry. For, 
unfortunately, until recently proper methods of seasoning have 
received little . cientific attention. Forms of kilns, and mode 
of operation, have in the past commonly been merely copied by 
one wood-wot·king firm after the example of some other older 
establishment. Thus, to put it mildly, present practices have 
many shortcomings, and methods of drying ''difficult to ea on 
timbers,'' such as hard woods, have often been on wrong lines. 

Kilns for drying timber may be divided into two cla ses, 
viz. :-(i) Progres ive, and (ii) Compartment. For conveni­
ence in handling, the timber to be dried is usually in trucks on 
rails. In a Progressive kiln (Fig. 2) the conditions at one 
end differ from tho e at th e other, and the timber is dried 
progressively by being moved throughout the whole kiln. The 
air circulation is longitudinal, so that the conditions during 
drying vary, more or less uniformly, from one end of the kiln 
to the other. In Compartment kilns (Figures 3 and 4) the 
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conditions are changed during the drying process, and the 
timber remain stationary and is all dried at one time. The air 
circulation is transverse, so that · the conditions at any time 
during drying are uniform throughout the whole kiln. The 
methods of operation generally used may be placed under the 
headings :-

(a) Non-condensing, 
(b) SuperhP.ated Steam; 
(c) Condensing. 

In (a), the humidity or dampness is controlled by the use 
of escaping steam and evaporated moisture (Figure 2). The 
circulation may be either natural or forced, and the moist air 
is allowed to escape from the kiln. Softwoods and '' compara­
tively easy to season'' woods, such as pine, ash and cedar, are 
usually dried by this method the kiln being of the progressive 
(i ) class. These kilns, however, are only very roughly under 
control and may be regarded as not being positive enough for 
hard woods, especially if they are ''difficult to eason. '' 

In (b), superheated steam is pa. sed over the timber, either 
by natural or forced draught, in compartment (ii ) class (Figure 
3). Obviously, the method may be used only where the species 
to be dried are not injured by high temperatures, and where 
quick drying is essential. Many of the softwoods, such as pine 
.and ash, are successfully dried by this process, but the hard­
woods, especially the hard dense, such as oak and walnut, are 
materially injured. 

In (c ) , the humidity is controlled by re-circulating the air, 
which has taken up moisture from the t imber, across water 
pipe. or through water . pray (Figure 4). The temperature 
of the pipes or sprays governs the amount of water that con­
den ·es from the air, and thus regulate. the humidity of the air 
when re-heated before being passed over the timber again. The 
circulation of air may be either natural or forced. These kilns 
of the compartment (i) class are under proper control, and 
for this rea on it is believed that all kinds of woods, soft and 
hard, including the Eucalypts, may be successfully dried by 
thi. condensing method. 

It appears, then, from the kiln three fundamental con­
dition. analysis that the kiln for drying the hitherto ''difficult 
to dry" Eucalypt hardwoods should be the condensing compart­
ment type. Experimental kilns of this type, using the Tiemann 
water spray principle, were designed and erected at Millars' 
Nash Street yard and at the Department of Mining and Engi­
neering, University, Crawley, the kiln at the latter being of 
Commercial full size cross section. The results of investigations 
on local hardwood have fully justified the original belief, namely, 
that the Condensing Compartment method was the solution to 
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the sea oning difficulty. 'l'he ](iln at Crawley, a' stated before, 
1 of the Cond ensing Compartment type, with natural and 
partly fore d circulation . Th main featnre i the humidity 
control by mean of water spr ay. · introduced by H. D. 'l'iemann, 
of the U.S . Fore. try Service. 

Condensing Cmnpa?·tmeHI: Kiln (Tiem.ann p1·inciple ) .­
Briefly, the kiln ( · c Figure 5) ·onsists of a drying chamber A 
containing two lines of truck T carrying the t imber to be dried, 
with a partitio11 on eith er side nmnin~r th e whole length of 
kiln , making two narrow side ·hambc1·s H, open top and bottom. 
Th e steam heating pip C, and pip .· D for adm itting live team, 
are placed underneath the material to b<~ dried. At the top of 
the side chambers B are water spray · E, at the bottom ar e 
gutters F, and liminator or set. of baffle plates G, to eparate 
the :fine mist ·from the a ir. Curtains 11 are hung from the roof 
to the edges of the stack:, a. how11 , to prevent the air from 
pa sing over the · . tacks and thus short-circuiting them. The 
circu'lation of the air is .-hown by the anows. Thu the heated 
air ri es in the fin e between the two . tack of timber. As it 
comes in contact with th . tacks, parts of it ar e cooled and 
forced to pa outwardl:· through the . tacks to the spray 
chambers. The movement tlnough the stack is naturally 
diagonally downwards, and th e inclinecl . tacking of the timber 
en ure. that this course is not undul y r e isted otherwi e poor 
circulation i apt to re. ult. Jn t he . pray chamber the velocity 
of the descending column of air i. gr a tly augmented by the 
sprays. It then pa es out th1·ough the baffle plates, is heated 
by the radiator , and commen ces on its upward course again. 
B esides inducing an incr ea. ed circulation, the spray may be said 
to regulate the humidity. In the ide chambers the sprayed air 
in descending absorb. a. much water as it can hold in the form 
of water vapour. It al. o becomes misty , for it mixes with 
small particles of free water. In the zig-zag baffle these 
particles of water are eliminated and merely saturated air 
emerges into the main chamber . Evidently the cycle of opera­
tions is a. follow. :- At the bottom of the main chamber the 
air, at baffle temperature and 100 per cent. humidity, in pa sing 
over t he heaters, increase in temp rature and cl creases in 
p er centage humidity. When moving through the timber stack 
it i. gradually cooled through ab.. orbing moisture, and thus 
continually decreases in t.f'mperatur and incr a es in p er cent­
age humidity, until, after pa .. ing through the p ray chamber , 
it emerges from the baffle. into the bottom of the main chamber 
again with the same baffle temperature and 100 per cent. humi­
dity as before. It i evicl c>nt. th er efore, that the baffle tempera­
ture is the dew-point of the air after it becomes heated in 
passing through the radiators. Knowing the dew-point and 
maximum t emperatures in the kiln by means of tables, humidity 
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diagram 01' psychrometric charts, the minimum humidity of 
the kiln may be quickly determined at any time. Thus only 
two tationary thermometers are necessary for determining the 
humidity and temperature of the air entering the timber, and 
t herefore, for operating the kiln, one in the baffles at G, hich 
thu record the dew-point, and the other in the flue A, between 
the stacks of timber , which r ecords the maximum kiln tempera­
ture. Neither a wet bulb thermometer nor hygrometer is needed. 
It is very convenient to u e a Thermograph or a recording type 
of thermometer having long, fl exible tubular connection with 
the bulb, and to have both hands r ecording on the same dial. 
The heating coils and sprays to give correct maximum and 
baffle temperatures, r espectively, may be controlled by thermo­
static devise . Upper portion of Figure 6 shows a typical auto­
matic installation of maximum temperature control with devices, 
manufactured by the Powers Regulator Co., U.S.A. The 
position of the regul ator will be noted with r egulator valve in 
th e pit control1ing the steam supply to the heating coils and 
governed by the thermostat so located as to be exposed to the 
kiln temperature. A baffl e p late is arranged to cut off the 
direct influence of the heating coils upon the thermostat. 

Usually the used spray water discharges into a well, and 
by means of a pump ultimately forced through the sprays again. 

Lower portion of Figure 6 shows a typical Thermostatic 
wate1· mixer which automatically supplies water of proper 
temperature to the sprays and condenser coils. 'rhe wells, F 
and 0, are provided for the source of warm water and hot 
water , respectively. The well F receives its upply from the 
spray, and condenser coil return . Well G may be supplied 
by the return water from the heating coils, and also with high 
prcs. urc team, which is controlled by a thermostat ic r egulator, 
so that a maximum temperature of, . ay, 180° F. is automatically 
maintained. The two wells are provided in order to economise 
in the use of both the cold water and the steam required in the 
operation of the sprays, and condenser coils, and so long as the 
temperature of the spray water is required to be lower than 
naturally exists in the warm well, the three-way valves are 
turned in uch a way t;hat the thermostatic water mixer r eceives 
its two supplies from the cold water line and the warm well 
r espectively. When, however, the spray water is desired at a 
temperature above that of the warm well, the three-way valves 
are reversed, so that the mixer is supplied on its cold side by 
the warm water, and on its hot side by the hot water from 
well G. 

Constr~bction .-It is not intended to offer here working plans 
or specifications of the kiln, but merely to give a sufficient de­
scription to make its construction plain. The drying . kiln at 
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Crawley, which is of the proper commer cial section, is always 
available for inspection, and plans of the kiln may be seen 
either at the Department of Mining and Engineering, Uni­
versity, Crawley, or at the office of the Con. ervator of Forests, 
Perth. At Crawl ey kiln (Figs. 5 and 7 ), for convenience in load­
ing and unloading, the rails are arranged to be at ground level. 
Below ground the outside walls of the kiln are of brick in 
cement, the floor being of concrete. On the top of the walls. 
and thus above the ground, r ests a simple framed wooden coH­
strnction. Over all this is a shingle roof to keep out th£' 
weath er and prevent excessive radiation. The kiln should b(• 
more or less airtight, and the in$ide of th e kiln must be made 
waterproof. A certain amount of radiation from the side walh: 
is desirable, since it increases th e effi ciency of the condensin ~ 
system, the sprays, for the heat given to th e wall s does not need 
to be removed by the sprays. It i. necessary, ho\vever, to 
insulate the top of the ki ln- sawdu. t i. quite ·atisfactory- i11 
order .to prevent condensatiou and drip on the timber pil es. The 
vertical faces of th e spray chamber!'> must be both air and 
water-tight. The baffle. ar e made up of boards in convenient 
sections. They should fit tightly, a. any leakages will allow 
the spray to get throuO'h to the steam radiator pipes, which 
would spoil the humidity regulation. The water . prays consist 
of small brass nozzles of th e easily cleaned and adjustable 
" demorel" type, which will deliver about 3 lbs. of water per 
minute at about 40 lbs. pressure. They should O'ive a spray of 
water, and not a mist. The water pipes should be arranged 
so that it is easy for th em to be inspected and cleaned. Gal­
vanised pipes must not be u ed in the kiln. The steam radiators 
are constructed with 1-inch wrought iron pipes. The whole 
of th e woodwork and iron inside the kiln should be coated with 
a good high temperature asphaltum varnish or P . & B. paint. 

Opm·ation of the J[iln.- At th e commencement of operations 
the timber must be heated through before any drying takes 
place. It is thus usual to . team th e timber at a t emperature 
of about 120° F . for a few hours (see Appendix I ) . The steam­
ing is also useful in removing any initial or r esidual case­
hardening before beginning drying. Briefly, the minimum per 
centage humidity of the circulating air is governed by the per 
centage moisture content of the tacked timber (see Appendix 
I). From green to :fibre saturation point (30 per cent.) the 
humidity mu t be high, from 85 per cent. to 75 per cent., 
never less, while it appears the maximum kiln temperature, with 
jarrah, is about 115 ° F., say (see Appendix I ) . After this 
point has been passed, the per centage humidity may be gradu­
ally decreased until it reaches about 40 per cent. at end of 
drying operation, the temperature also during this period being 
gradually increased, reaching a maximum of 140° F., say. The 



22 ALFRED TOMLINSON : 

per centage moisture content of the stack must evidently be 
obtained from time to time. Accordingly, sample boards are 
placed in the kiln and these are weighed, from time to time; and 
their per centage moisture content determined (see Appendix 
Ill). It is also necessary to take, from time t'o time, prong 
section. of material in the kiln iu order to control the rapidity 
of the drying and ea. ebarclening. I£ excessive casehardening 
is taking place it may be quickly removed by restoring sur;face 
plasticity, t lrat is by subjecting tlt e timber to a warm saturated 
atmo phere, usuall y team, for a few hours. The behaviour· 
of sectio11s of ] -inch boards pronged during the various stages 
of the drying i shown in Figure 8, and needs no further ex­
planation. Conversely, these section. may clearly be used to 
roughly indi cate the moisture content. The timber may be 
consider <1 thoroughly kiln dried if moisture content i about 
8 p r cent. Provisio11al instructions for drying jarrah are given 
in Appendix Ill. 

Additional Diffiwlties in Op e1·ation.-Difficulties in opera­
tion, apart from those already mentioned, are due to the fact 
that the .tack d material, which is being evenly dried in the kiln, 
ha naturally considerable variations in (i ) moisture content, 
(ii) density. 'rhus some pieces may contain 75 per cent. and 
other. 40 per cent. moisture, while the den. ity may vary be· 
tween 37 and 52 lbs. per cubic foot when dry.* It appears to 
be necessary, in: ord\lr .tP< be on the safe side, to subject the 
' 'mixed)) ma:terial " to ctlmparative mild drying conditions. 

Results of Test . . -Plate 1 shows the particulars, arranged 
graphically, of a typical kiln drying operation. Figure 9 shows 
drying curves, r espectively, for 1 in., 3 in., and 4 in. thickness 
jarrah, which was uninjured in seasoning. Roughly, using the 
information now available, the rate 'of drying jarrah, from 
fairly green to 10 per cent. moisture content, without injury, 
and the conditions being mild, is as follows:-~ in. stuff, 7 to 10 
days; 1 in. stuff, 4 to 5 weeks; 3 in .stuff, 3 months; 4 in. stuff, 
4 months. It may also be noted that it appears to be desirable 
to kiln dry the jarrah as soon a. possible after cutting, for 
~~nd checking soon take. ]lace in the air . Thi i contrary to 
American practice with harclwoods. which are air dried for six 
months, or over, before placing in kiln. 

APPE DlX I. 
Res?tlts of E xp e1·iments.- Investigations on the behaviour 

of jarrah in drying are by no means complete. Sufficient in­
formation, however, has been obtained for a rational under­
standing of the causes and prevention of injuries. The 
following physical · properties of jarrah- (which are more or 

* See W.A. Universit)t Timber Tests, 1917 . . 
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less similar in other woods*) when drying have been establish­
ed:-

1. (a ) Shrinkage begins when green, with a moisture con­
tent of 70 per cent., say, and continues until dry. 
From green to the fibre saturation point shrinking 
proceeds at an even rate, and afterwards at an 
increased uniform rate (about two-fold ) . It is 
believed that the contraction at first i due to a 
form of collapse of the cells, and afterwards to the 
"true" hrinkage of the cell walls. (See Ap­
pendix II. ) 

( b) Th e moisture content r eckoned on dry weight is 
about 30 per cent . at the fibre saturation point. 

2. (a ) 

( b ) 

(See Appendix IT. ) 
Rate of transfusion of moisture through the wood 

is low compar ed , say , with the softwoods. 
Moi. tnre t ends to t ran. fuse f1·om the hot towards 

th e cold portion of th e wood. 
8. (a ) ls pl asti c whil e hot and moist and become. " set " 

in whatever shape it dries. 
(b) Ts exce. ively soft and plastic under moi . t condi ­

tions when trmper ature is a. low as, . ay , 150° F'. 
+. Shrinks less in a damp atmospher e, wh n dried t·apidl)­

than wh en dr ied slowly. 

l njnries, and P1·evPntion in "easoning.-From the ·fore­
going facts the t roubl es aud r emedies in drying ·will be readil~­
understood , some of which are dealt wi th below. 

- Canse of Checki ng.-Checki11g re. u lts from Jtem 1 (a ). 
th at is, unequal shrinkage'. Tn drying ,j arrah, the neces. aril y 
dri er outer sh ell teuds to shrink or contract more than the wet 
inner core. Th e' lattc1· preve11 ts it f rom doing so, and thi 
straining action sets np strPssrs, owing to diff!Jr entia 1 drying. The 
outer shell is evidently in a state of tension and the interior 
in compres. ion, as shown i11 l<' ignre 10, Diagram B. Tf the 
contraction is compar atively great the e r esul t ing t re , es will 
exceed the st rength of the t imber acro. s the grain, which will 
be torn apart on the outside in checks, as in Diagram A , and 
th e material will be relieved of Rtr e ·. 

Canse of Casehardening amd its evils.-Casehardeiling re­
sults from Items 1 (a.) and ( b), 3 (a ), and 4, and occurs when 
the surface of th e wood becom es 'set" (i .e., below the fibre 
saturation point ) in a partially dry condition , while the interior 
is still wet. This condition is due to too rapid surface drying, 

* See "Kiln Drying of Lumber," by H. D. Tiemann. 
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i.e., the evaporation from the surface exceeds the rate at which 
the water in the centre transfuses outwardly. If the interior 
of the ea. ehardened piece of wood dries further it tends to 
shrink, while the ''set'' condition of the surface, or outer shell, 
tends to prevent it from doing so. As a result of this, together 
with Item 4, viz ., "that the slower wood dries the greater the 
shrinkag , ' the strains, and con equently the stresses set up, 
are the reverse of those already considered. For now the outer 
hell is in compression and the interior in tension as shown in 

Diagram F (Fig. 10). If these stresses exceed the strength of 
the timber, portions of the interior of the timber will rupture 
and splits will appear, as in Diagram E. 'rhis internal checking 
is usually called honeycombing. It has been seen that exces-
ive ea ehardening ends in checking and honeycombing. SincP: 

disaster will take place in seasoning unless casehardening is 
controlled, it is evidently a very important factor. 

Prong 1'ests fo1· Casehat·dening.-Simple tests, as under, 
may be used before the wood, of course, is permanently injured, 
for indicating the casehardening, if any. Discs, or narrow 
cro. s sections, say 1 inch thickness, are sawed across the piece 
of wood to be tested. These are immediately slotted according 
to Diagram H (Fig. 10) by running, if possible, five parallel 
saw cuts nearly through, and breaking away two of the tongues 
thus formed-namely, the second and fifth. If the prongs at 
once show no tendency to bend outwardly or spring. inwardly, 
as in Diagrams C or G, respectively, but remain normal, as 
at H, there is little or no casehardening, for the material must 
be in an unstrained condition and thus free from shrinkage 
stresses. If the outer prongs at once bend outwardly, as in 
Diagram (C), then the outside is dried than the inside and the 
piece is in a first stage condition leading to casehardening, with 
its tendency to check. If (C) is now dried in a warm room, 
the prongs wll finally bend inwardly, and remain so permanently. 
The outer prongs will all spring inwardly, as in Diagram G, if the 
outside has ''set,'' that is, if in the final stage of casehardening, 
with its tendency to honeycomb. In the above the stress 
Diagrams B and F readily explain the action of the prongs. 

Prevention of Checking.-Eviclently, outside checking clue 
to excessive surface drying may be prevented by properly ad­
justing the humidity of the air and so controlling the surface 
evaporation. It has been found that the moisture content of 
the wood determines, to some extent, the allowable or minimum 
safe working per centage humidity of the circulating air. Thus, 
if per centage moisture content of wood is high, the per centage 
humidity of the air must be high. Green or high moisture con­
tent jarrah can only be successfully dried at first in a damp 
atmosphere, say, 85 per cent. humidity. Again, with 1 inch 
boards during almost the whole of the drying operations it 
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appears to be undesirable for the humidity to be less than 75 
per cent. It should be noted that the rate of surface evapora­
tion should not be controlled by reducing the air circulation, 
since a large circulation is needed at all times to supply the 
necessary heat. 

Prevention of Casehm·dening and Honeycombing.-Honey­
combing, obviously, may be eliminated by preventing undue 
casehardening. If ea ehardened, the material would be in a 
.tressed condition, as in Diagram F (Fig. 10), and a little 
thought should uggest a means by which it may be removed. 
Clearly, if the hard outside hell· were softened, the ''outside 
et" and resulting strains (as in Diagram F) would vanish 

and the piece relieved of stress. Experiments (Item 3b) showed 
that thoroughly moi t warm air eau ed the wood to become soft 
and plastic, and thus remove caseha-rdening. In the kiln (Figure 
5), steam pipes D with perforations are provided to admit live 
steam, which will maintain a thoroughly wet atmosphere, and 
even with a comparatively low maximum temperature of 1.40° F. 
the casehardening will be entirely eliminated in a few hours, 
provided it has not gone to the extent of causing honeycombing. 

Prong Tests fm· R emoval of Casehardening.-Caseharden­
ing material when pronged, as explained before, will assume the 
form shown in Diagram G (Fig. 10 ) . If after steaming another 
pronged section of the material remains normal, as at H, the 
casehardening has been eliminated and the exposure has been 
correct. If the steaming process has been carried on too far, 
a pronged section will take the form shown in Diagram C. 

Warping, twisting or cupping is due to internal stresses caus­
ed by unequal shrinkage. Casehardening is one cause. It is often 
due to the warped direction of the grain of the wood, coupled 
with the fact that the shrinkage is ·different in different direc­
tions. "Curly grain" is very apt to warp, and an "interlocking 
grain'' is even more effective. Another cause is through the 
expelling of moisture evenly from all parts in which it doe!! 
not exist evenly. Of course, casehardened boards (Diagram F, 
Fig. 10) , when awed down the centre, so as to make two boards 
of half the original thickness, will cup, the original surface 
becoming convex. Articles then manufactured from casehard­
ened material are apt to warp and give trouble. 

Prevention of Wm·ping and Cnpping.-ln the drying kiln 
warping and twisting can be prevented to some extent by careful 
stacking or piling. The distance pieces or "strips" (Fig. 7) 
are placed at suitable intervals apart in the transverse 
direction. The weight of the superincumbent timber acting 
through these strips tends to prevent the twisting of individual 
boards. The cupping trouble is eliminated by arranging for 
the surfaces of a board to dry at an equal rate. Even air 
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circulation in the kiln-sloping stacking and uniform thick-ness 
of !'ltrips-will ensnre ·ven dryinp; of the two faces. 

Temperahtres for Dryin,q.-ltems 1 (a,), 2 (a,) and 3 (b) 
indicate clearly that comparatively low temperatures must be 
used in drying. Duriug the first dryiug tage up to the fibre 
saturation point the humidity is high and so the kiln maximum 
temperature must not approach 3 (b), i.e., 150° F. High 
temperatures and the expulsion of free water at too rapid a 
rate will also produce collapse of the cell walls and disa8ter. 
By arranging for the baffle temperature to be between 100° F. 
to 120° F., the maximum temperatures necessary to preserve 
the required humidity are not unduly high. During most of 
the experiments at Cravvley the baffle or dew-point temperatnrc 
ha been 100° F., a temperature easily maintained throughout 
the whole year, and the maximum kiln temperature ha. seldom 
been above 135° F. 

Precaution at Commencement of Ope1·ations.-It<'m 2 ( u) 
indicates that the timber . bould be heated tluough before drying 
begins. A simple experiment show.· that if wood is heated on 
one . ide and cooled on the other that the moisture, or water, 
will be driven from the heated to the cold side. Evidently, in 
the kiln heat should penetrate into the i11terior of the timber 
before drying begin . At the commencement of the kiln opera­
tion then the air must be saturated with moisture, and so live 
steam is frequently used, both to heat up the wood and provide 
also for a 100 per cent. humidity. Also from Item 2 (b) result 
a quick and useful test to determine whether a piece of wood 
from kiln is dry. While till hot, a freshly sawed end grain 
surface of the wood is placed 011 a cold piece of iron. The 
moisture, if any, m the wood will be quickly conden:ed on 
the cold metal. 

APPENDIX II. 
'l'he Fib1·e 'at!wation Poi·nt in Jarrah.- In wood the water 

may exist in two conditions, viz., as free water contained in the 
cell cavities, and as hygroscopic or fibre moisture absorbed in 
the cell wall. . In wet and green woods the water exist in both 
condition , the free water usually having no particular effect 
upon physical properties such a shrinkage or strength. In 
determining the moisture content, both the free water and the 
absorbed are necessarily included. Consequently, in drying out 
a piece of wet wood, since the free water mu t evidently evapo­
rate before the absorbed moisture in the cell walls can begin to 
dry out, there will be a period, p1:·oviding, a i. u. ual, that 
shrinkage does not take place, during which the strength re­
mains con tant, although varying degref'. of moisture are 
indicated. But just as soon a the free water has disappeared 
and the cell walls begin to dry, the strength will begin to 
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increase. This point is called the "fibre saturation point." 
early all wood do not shrink until thi fibre saturation point 

i.· reached and with the. e, referring to their moi ture-strength 
diagrams, the fibre . aturation point will easily be recognised 
as the part where the teep nrved portion is intersected by 
the straight line par allel to the moisture c.:onteut axis (Plate 
Ill). H is usually between 25 per c nt. to 30 per cent. 
moi turr content. The fibre :atnration point may evidently be 
determined by obtaining the moi.turc content when either 
. hrinkage first takes p lace or an increase in strength takes place. 
However, in drying jarrah and other IDucalypts, shrinkage takes 
place well before thP 2:1 per cPnt. to 30 per ent. moisture 
content- even when grec11. Again, tlt<' strength also increases 
almost from the lH'gi.nning of th ' drying, ·o that the point 
cannot appm'<'J ttl_,. he obtaimd by th , m;nal methods . tatecl 
above. 

Shrinkage A. lwlysi~. - Plate gives graphically typical 
drying particular of jarrah ta.gentially cn t specimens, and 
Plate 11 shows the relation between the per centage moi ture 
content and the lH'l' centage slwinkagc in the width (reckoned 
on dry dimensio11 at 10 per cent. moisture) . 1t is seen that 
the observed re~mlts ma.r be assumed to lie on pairs of inter­
secting straight line;;, and evidently these inter. ection points 
will be near the fih t·e saturation point. The "rou'nding" near 
the intersectio11 points was anticipated, for it is due to the 
fact that the critical change can only take place gradually 
through the thickness of the pecimen. The full line is an 
average . hrinking curve, the fibre , aturation point being 30 per 
cent. Roughly, the shrinkage in the tangential direction from 
the :fibre satu ration point (30 per cent.) to dry (10 per cent.) 
is 4 per cent., based on dry ( 10 per cent.) dimension; between 
70 per cent. and 30 per cent. moi ture content the shrinkage is 
3 per cent., making a total of 7 per cent. from green (70 per 
cent.) to dry ( 10 1 er cent.) . Usually with "true" shrinkage 
(i .e., due to contraction of cell walls) the tangential shrinkage 
is twice the radial, so that the radial :hrin kage should be about 
4 per cellt.--;-- 2 or 2 per c.:ent . between fibre saturation point 
and dry. Experiment how that the radial shrinkage from 
green to dry is about 5 per cc>nt. (r eckoned on dry dimensions) , 
so that the radial shrinkage betw en green (70 per cent.) and 
fibre aturation point ( 30 per cent.) i about 5 1 er cent. - 2 per 
cent. = :3 per cent. , which corresponds with the per centage 
. hrinkage in the tangential direction. It appears from this 
r esult that tb initial hrinkage (i .e., up to fibre saturation 
point ) is clue to the wood cells, which are roughly circular, 
contracting a th fr c water i removed and thus diminishing 
equall)' iu all directions. T n other words, evidently, the celle 
are pla. tic and pliabl e when )noist, and much free moisture 
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eau ·e: them to distend , while the removal of water causes the 
cells to become more or less deflated , and perhaps collapse. 
Micro-examination is necessary in order to fix this idea. After 
thr fibre saturation point is t·cached the cell walL begin to 
shrink and break up in a similar manner to all other timbers. 
An analysi. of the shrinkage _ then f1·om these .experiments fixes 
the saturation point at about 30 pc1· cent. 

Strength Analysis.- The moi.ture bending strength diagrams 
for jarrah . hown in handbook of W.A. Government Timber 
Tests, 1906, by Mr. Julius, are smooth curves. Plate III show 
curve, Jarrah o. 1, taken from the above-mentioned hand­
book, and also curves for pine and chestnut, respectively, which 
are typical of most timbers. Con. ideration . howed that the 
absence of a horizontal line and a definite kink in the jarrah 
curve. might be due to (i ) the specimens tested being more or 
less casehardened, or (ii) the early shrinking not being due to 
true cell wall shrinkage. Cau e (i ) was difficult to deal with 
now, and moreover, if considerable, would have been detected 
wheri the tests were made in 1906. Further analysis in cause 
(ii) showed tl1at this wa. likely to lead to a rational explanation 
of the peculiar irregularity in the jarrah curves. Accordingly. 
using values obtained from the moi ture-strengtb curve fo1· 
jarrah, r eferred to above (Plate II ), the . trength of the t imber 
was calculat<>d on the basis that no shrinkage in dryin"' takes 
place at all. In other words, average shrinking values wer r 
taken and the strength calculated 011 the a. sumed original green 
section, and not on the actual section at breaking as given, of 
course, in the curves of Mr. Julius. Plate IV gives particulars 
of th e analysis necessary in order to compute the two-fold effect 
of the alterations in dimensions of cross section, on the "bending 
rupture strength," clue to the changes (i) in the section modu ­
lus, and (ii ) in the density. The probable green dimPnsious of 
specimens having known dimensions wh en moisture contcnt=M. 
computed from average curve, Plate B, are given in upper 
portion of columns. Since there is a kink in the "shrinkage" 
curve (i.e., two intersecting straight lines) it will be neces. ary 
to have two . eparate sets of equations depending, of course, ou 
the per centage moisture content. The alteration in the modu­
lus of section due to hrinkage is . hown, as well a. the ratio 
of probable rupture bending tress on section when green (70 
per cent .. say) to actual stress on section at rupture (M pet· 
cent. ) . Evidently S , green, = A X Srn. Knowing M and ob­
taining Srn from curve (Jarrah No. 1), the value of the right­
hand portion of this equation can easily be computed, and so 
S, green, obtained. Thus, M= 40 per cent. ; B = .9325; from 
eurve S at 40 per cent., Moisture= 12,000 lbs. sq. inch; then 
S, green,= A X Srn = .9325 X12,000 = 11,200 lbs. sq. inch. 
Plate III, Curve (Jarrah No. 2) shows the result of plotting 
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obtained by this analysis. 'l'he alteration in the density {apart 
from the water ) and the probable effect on trength is given 
in third row , and explains itself. Since (i ) and (ii), above, may 
act jointly, it is necessary to consider their joint effect on the 
trength, and this is clone in row No. 4. Thus, if M= 60: Y = 

.963: from curve S at 60 per cent. moisture = 11,400 lbs.; 
S, green, = Y X Srn = .963 X 11,400 = 11,000 lbs. Plate Ill, 
Curve (Jarrah No. 3) shows the result of graphing the above 
joint effect. These curve ( J arrah os. 2 and 3) are similar 
in form to those of other timbers, and clearly show that if no 
shrinkage took place in jarrah in drying from green to a 30 
per cent. moi tu r e content condition, the ''strength '' would be 
con tant, and from 30 per cent. moi. ture content to a dry con­
dition an increase in " trength " takes place, apart from the no 
. hrinking effect. Evi ]ently, th e 30 per cent. moisture content 
is about th e £bre saturation point. It wi1l be found that varying 
the shrinkage value. (7 per cent. and 5 per cent.), within 
reason, has littl e effect on the value (30 per cent.) of the satura­
t ion point. 

APPENDIX Ill. 
Provisionctl Instr~wtions for D1·ying J arrah. 

General.- After being sawn, the material should be "pick­
ed " free from defects, carefully stacked and protected from 
the sun and wind, in covered sheds, and kiln dried as soon as 
posf>ibl e, when green. 

Sta,clcing or· Piling.-Timber must be evenly stacked or piled 
and held flat and straight while drying. Contact between wood 
and strips or distance pieces should in no case exceed li inches 
in a direction lengthwise of the stack. Strips varying in thickness 
from one inch to two inches should be used for timbers of 
thicknes es of one inch to four inches, respectively. Timber 
should be so arranged in the stack that drying will take place 
equally from both urfaces in planks, and from opposite faces 
in square . The timber must be so di. posed in the dry kiln 
a. to permit of easy acce. s on both sides of the stack. 

P1·epa.ra.tion of Sam~ples, tc.--Representative samples must 
be inserted in the stack, to be kiln -dri ed in snch a manner that 
they will be su bjectecl to the . ame drying condition. as that 
portion of th e . tack wh er e inserted, and . o that they can be r emov­
ed for periodical weighing in order that their moisture contents 
and, th er efore, th e mean moisture content of the tacks can 
be known at all times. Allow three samples for each 5,000 
board feet or le. s of material. The , ampl es should be at least 
2 feet lm1 g and . hould not be cut near er than 2 feet from the 
end of one of th e piec to be dried. The ~ample. should be 
carefull y weighed at leru;:;t daily wh ere the time of drying is 
ten days or les., and at least every other clay for longer periods. 
They should be placed in a tack and distributed so as to be 
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exposed to average, mo. t rapid, and slowest drying conditions, 
except that they should not be placed on the top layer or bot­
tom layer, and the temperature and humidity should be 
regulated according to the samples placed in the warmest part 
of the sta k. The per centage moisture content of the sample 
should hC' determined by cutting sections 1 inch thick from 
both ends at the time the. ample is sawed from the piece. These, 
after being weighed, are thoroughly dried and again weighed, 
the difference in the weights being due to evaporation of 
moisture, and the percentage original moisture reckoned on the 
dry weight is easily computed. The ends of the. sample are to 
be given a thorough coating of asphaltum varnish mixed with 
lampblack, to prevent end drying, before placing them in the 
stack. After the dry weight of the sample has been determined, 
the average moisture condition of the pile during drying can 
be found by weighing the samples and calculating the condition 
of the. stack from their weights. 

Example:-
Original weight of sample, 8.65 lbs. 
Original moisture percentage (average of the two 

discs), 73. 
Calculated dry weight of sample, 8.65 -:- 1.73 = 5.00 

lb. 
Current weight, 6.18 lbs. 
l\f oisture in sample, 6.18 - 5.00 = 1.1 lbs. 
C'tnT 11t moisture percentage 1.18-:- 5.00 X 100 = 23.6 

per cent. 
ln tit is manner a rC'cord must be kept of the percentage of 

moi tnn' in thE' t imber in the kiln. A standard test should be. 
madr 011 rach ;;amplr beforE' the timber be removed from the 
kiln. 

1 11slnunents.-Thermometers: At lea;;t one l' t eo riling ther­
mometer of approved make must be used in each dry kiln. This 
must be chec4:ed daily with a . tandard thermometer or a glass 
thermometer that has been calibrated to an accuracy of 1° F. 
and placed in such a position as to record the maximum tem­
peratur·C' to any portion of the stack. All gla. . thermometers 
should bC' accmate to 1° F. Thermometer hulbs mu t be shield­
ed from direct radiation of steam pipes or wC't timber, cold 
walls or surfaces, and receive a free circulatio11 of air. 

Steaming.--Admit sufficient . team to satm·ate the air, at 
the stated temperature, as follow :-

( i ) At the beginning of the drying operation, with green 
wood. ix hours for each inch of tbiclme s, at a. 
temperature not over 120°. With previously air­
dried wood, eight hour. for each inch in thickness. 
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( ii ) Tear the e11d of the drying, in order to eliminate 
internal stresses (case hardening) at a temperature 
not to exceed 140° F. and for a time not to exceed 
three hours. 

l'emperatm·e and 1I1~midity.-Average or mild conditions 
are here specified. J_.~ower temperatures and higher humidities are 
permissible. In no portion of the stack should the average 
operating temperature exceed, or the average operating humidity 
fall below, nor should any piece of wood be subjected to more 
severe average operating conditions than the figures given in 
the table below. However, an accidental rise in the temperature 
and decrase in humidity will not damage the timber, providing 
the period of time is less than than two hours, and. during 
which the rise in temperature does not exceed the average 
specified temperature by more than 10° F., nor the humidity be 
more th.an 10 per cent. less than the average specified humidity. 
Furthermore, the progression from one specified stage to the 
next must proceed along uniform lines. 

Maximum Avemge D1·ying Conditions. 
Approximate 

Maximum Relative Baffle 
Stage of Drying. Temperature oF. Humidity Temperature o]l'. 

At the beginning . . . . 
After fibre saturation is pass-

ed ( 30 per cent.) . . . . 
At 20 per cent. moisture 
At 15 per cent. moisture 
At 12 per cent. moisture 
At 8 per cent. moisture .. 

Final ..... ... . . 

Percentage. 

110° 85 105° F. 

115° 
120° 
130° 
135° 
140° 
140° 

75 
65 
50 
45 
40 
40 

105° F. 
105° F. 
105° F. 
105° F. 
105° F. 
105° F. 

(More severe drying conditions can be used (i .e., commencing 
with 115° F. baffle temperature) without visible injury of any 
kind, but on account of injury to strength and introduction of 
internal stresse , through the varying density and moisture 
contents of the pieces, th e milder conditions are (provisionally ) 
specified.] 

T ests of Material a,fte1· .Drying.- At the end of the run, 
standard tests must be made for moi ture content and ea eharden­
ing. Materia l for these tests should be taken from each of the 
samples in the stacks and from other pi ces, which . hould be 
representative of the dried stock, at least three pieces for every 
5,000 feet or less, and taken from different parts of the kiln. 
Two adjacent sections, 1 inch thick, should be cut from the centres 
of each of the samples and pieces of st"ock. Due precaution 
must be taken to pr vent moisture evaporation between the time 
of sawing and the time of weighing these sections. The first 
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section should be dried and the moi ture content obtained by 
the standat·d method previou:ly referred to. The otheT section, 
if cut from a 3-inch plank, hould b slit in the longest direction, 
parallel to the fa cl'. of the piece, into ix equal tongues or prongs, 
leaving ahont ~ inch solid wood joining the prongs ~t one end 
of the rction. The second prongs from both side. ·a re to be 
broken out, ll~a ving two outer prong and two in th,e middle (see 
Figure 10 ) . 'l'he curving of thee prong indicate th e degree c.>£ 
ea ebardeni ng. If thl' prong. remain stl·aight in indicates per­
fect conditiolJs as to thr stres. and moisture. Tf the outer prong 
bend in, it mean. that the piece wa. casehardened. lf they benq 
out, it means that the piece was oversteamed in final steaming 
If the centre tongues :fir t bend outwardly and :finally inwardly, 
it haws that tlie centre wa not thoroughly dry. For material 
le than 2 inche thick three tongues should be sawed instead 
of . ix, and the inner one removed. 

Final Moi ture Cond-itions.-An average dryness of ap­
proximately per cent., nnless otherwi e specified, is required 
with a variation of individual stick from not less than 5 per 
cent. to not :more than 11 per cent. Upon removal from the 
kiln tb wood should be allO\'i'ecl to remain in a room with all 
part. under uniform shop conditions at least three weeks for 
3-inch material, and other sizes in proportion, before it i manu­
factured. 



PLATES- Rapid Seasoning of Jarrah. 

Fig_ 1. 
Pronged Discs. 

t 

Fig. 2. 
Progressive Class ( 1) : 

Arrows show th e direct io n 
from right to left. 

(a) Type: Longitudinal ec ti on of kiln. 
of the circulat io n. T imber stacks moved 

Fig. 3. 
Compartment Class (2) : (b) 

Type : ross sectio n of kil n. 
T imb er s tacks remain stat ion­
ary . S., uperheated . team jet; 
H, h ea ting co i Is. 

Fig. 4. 
Compartm ent Class (2): (c) 

Ty pe: Cross . ect ion of kiln. 
Timb er stacks rema in stat ion­
a r y. C. co ndense rs (o r sprays); 
H. heating co il s. 



Fig. 5. 
Diagrammatic Cros ection of Ki ln at University, Crawley. ln ·id e 

dimensions of kiln: 12ft. 6 in. wide by 14 ft. 9 in. high. Timber stack: 
4 ft. wide by 8 ft. high. 



Wafer Control 

Fig. 6. 
Thermostatic Control of Operating Temperatures (Maximum and . 

Baffle). 



Fig. 7. 

Back View of Experimental J.;:iln at Uni ver ity. Cr a wle y, showing 
cha rge of 12 in . by I in. anrl 6 in. by I in. Jarr a h r esting on t ruck. 
T h e s lope of the 8ft. by 4 ft. timber stack is 1 in 7. The trans,·er e 
d is tan ce p ieces are I in . by 1 in. J a rr a h strips. 

Behat'iour of secliuns tmmedt~k!y .o/ftr f.JTKJjing 

dttrtnf lk llnrioas drttnf .Jii!ft'.J 

Tile f.. mn;sfare tonlen!J are dfpro.vmale 

1 rrom .frt't'n :lo jiore .sct[tt.rdfton f'OU'.r t h!J~ J<Jnvulu>n !Odry --j 

UVV\JUUQU 
' /} 60 j0 Q.O .J() ·20 /(} j%~e;l.r.f 

J, !lfotJ/ure CO'llel/1 

Fig. 8. 



Fig. 9. 



A 8 c 0 

Fig. 10. 

OUTSIDE CHECKING. 

(A) Outside checking (permanent) due to rapid surface drying, 
and the strength of the wood being insufficient to resist 
the internal stresses. 

(B) Outer shell, T, drier than interior, C. T = Tens ion, C = 
ompression. 

(C) If disc (B) be pronged, by 5 saw cuts, it will at once spring 
into this shape. 

(D) If prong (C) be dr ied thoroughly it will ass ume permanently 
the form (D). 

l>r~ 

I 

I 

I 
TIC. 

.. .. 
~ C:. M 

INSIDE CHECKING. 
Fig. 10 (continue<!) . 

(E) Internal checking or honeycombing (permanent), after wood 
has more or less completely dried, due to strength of wood 
bei ng insufficient to resist the internal stresses . 

(F) Outer shell, C, below the fibre saturation point, and "set." 
Permanent stresses. T = Tension, C = Compression. 

(G) If disc (F) be pronged, by 5 saw cuts, it will bind the saw 
and immediate ly spring into t his shape. 

(H) Disc pronged and without caseha rden ing. If (F) be steamed 
and stresses neut ra li sed or r emoved, thereby a pronged disc 
will ass ume the fo rm (H). If steamed too much a pronged 
di sc will spri ng into the shape (C). 
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~EARCHLIGHTS AND LIGHT PROJECTION. 

BY HAROLD Do.wsoN. 

Light projection may be defined as the projection of a beam 
of light to a distance with the objects of-(i) defining a position 
for uavigation purposes, as in lighthouses; (ii) illuminating 
a -roadway or waterway for the purposes of locomotion, as in 
the case of locomotive and motor headlights, and ship pro­
jectors for such places as the Suez Canal; (iii) illuminating 
distarit objects for attack or defence, as in the army and navy; 
( iv) flood lighting for large open spaces; and (v) cinemato­
graph purposes. 

l purpose in thi paper to confine . myself principally to 
tlw electric searchlights used for naval and military purposes, 
but before proceeding to describe the methods employed in 
uch, I would like to touch briefly upon the units and standards 

used in the cience of illumination. 
Much confusion has exi ted, and still exists, in connection 

with these units. Up to 1909 each country had a different 
stancl<:~rd of light, and, unfortunately, the four principal units 
were all called candles. There were the British, the American, 
the French, and the German candle. Unless it was specified 
which candle was meant, the values were problematical, as they 
all varied. About 1909, however, Great Britain, France and 
the U11ited States agreed upon an International candle. 

The original British standard was a candle made of 
spermaceti tempered with beeswax, 6 to the lb., each candle 
to consume 120 grains per hour. 'l'wo candles were used to­
gether for the test. This is now superseded by the 1 c.p. and 
10 c.p . Harcourt pentane lamps. Pentane is distilled from 
gasoline, and the specific gravity is .62. The French standard 
was the carcel, a lamp burning colza oil. The standards used 
in the United States were generally electric carbon lamps. 

Another standard of light proposed was that given by 
1 ·quare centimetre of platinum at its melting point. In 
practice, however, the difficulties of carrying out photometric 
comparisons with htis unit were considerable, and though at­
tempted several times, it was never fully successful. 

The German standard is the Hefner lamp. This burns 
amyl acetate, with a wick and circular flame. Special attention 
is paid to regulating the height of the flame, which must be 
40 m.m. Amyl acetate is distilled from amyl alcohol with 
sodium acetate, &nd sulphuric acid, boils at 137° Cent., and 
has a smell like J argonelle pears. It is sometimes called pear 
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oil. Amyl alcohol 1. the chief constituent of fuse] oil obtain d 
during manufacture of potato brandy. 

The ratio exi ting between these standards is :-1 Inter­
national candle = 1 Pentane candle, British, = 1 Bougie 
decimale, French, = 1· candle, American, = 1.11 Hefner candle, 
German, = 0.104 Careel, French. 1 Hefner candle = 0.90 
International candle. 

The illumination on an object at a distance is governed 
by the law of inverse squares. Accepting the candle as the 
unit of luminous intensity, the unit of illumination is the 
candle foot. One candle will illuminate a surface at right 
angles to it at the distance of one foot with one foot candle. 
At other distances the illumination produced at right angles is 

c/z. Thus 16 c.p . will give one foot candle at 4 feet distance. 

The Lux has also been much used as an unit of illumination, 
specially in Germany. It equals 0.0929 foot candle. 

The unit of luminous flu.."lC is the Lumen, and is largely 
used in the United- States. With its derivatives, the Phot and 
the Lambert, it does not seem ·to catch on in England, as 
pointed out by lVIr. Trotter, president of the Illumination Society. 
There is still a controversy as to whether it is to be considered 
as a fundamental unit, or not. It is convenient for calculating 
the illumination for an area, but the idea is not so easy to 
grasp as the candle and candle foot . It is defined as the 
quantity of light in unit solid angle, and radiated from a source 
of unit intensity. Unit solid angle is the angular spac·e sub­
. tended at the surface of a sphere by an area equal to the 
radius squared. As the surface of a sphere is equal to 4 r 2 , the 
area is 1 --:-- 4 , or 1/12.5664 of the surface of the sphere. 

Consequently a source of light of average intensity of one 
mean spherical candle power will emit 12.5664 lumens. 

In all these calculations it is taken that the source of 
light is a point source, and the surface illuminated spherical, 
with source central. If plane surfaces are illuminated the 
rays striking at right angles are the brightest, the illumination 
falling off at the ends of the diameter of the beam. If the 
rays strike any surface obliquely the illumination must be 
reducted by a factor which is the cosine of the angle made 
by the incident ray with a perpendicular to that surface. The 
law that governs reflection is that the angle of reflection always 
equals the angle of incidence. 

A few comparative details of illumination will enable u.& 
t o grasp these units better. An illumination of J 2 lux, ap­
pr oximately 1.1 candle ft., is sufficient to rrad by, whilst more 
than 50 lux would tire most eyes unduly . Sunlight has been 



4-4 HAROLD DOVI' ON: 

estimated a from 5,000 to 10,000 foot candles, and full moon­
light at from 0.16 to 0.2 lux (approximately .015 to .019 c. ft .) 
at the earth surfac . In these latitudes, however, monlight 
i far brighter than the European calculation allows. As low 
an illumination as 1/ 10,000th ft. candle; or 1 candle at 100 ft., 
has be 'n measured. 'J'his would practically be equal to darkness 
visible. 

It has been establi. heel that the light of the full moon 
enabl e. a torpedo boat to be seen with sufficient distinctness at 1 
kilometre, or . ay 1,100 yards. To produce equal illumination 
at 2,000 yards, it would require nearly 600,000 candles. 

Allowing for average absorption by atmosphere, the stand­
ard military search light, 90 c. m., or 36 inches in diameter, 
would produce 1.1 c. ft. on the object at the same distance, 
2,000 yard . . 

SouncEs OF Ll!Gll'.l'. 

\' ariou .. ources of light have been tried- oil, gas, acetylene, 
and Pl ectric light. Oil has proved very successful iu light­
houses, but in search]jght the C. C. arc light is u. ed. Acetylene 
aud el ctric light and small glow lamp. are used for motor 
head light·, and the electric arc and a specia1 form of glow 
lamp for kinema projection. Oil is generally used in head 
light of locomotives, though electric light has been employed 
in the United States. 

The chief desiderata for the source of light are :-(1) High 
intrin ic brilliancy; ( 2) absence of smoke; ( 3) absence of 
heat ; ( 4) as small a . ource as practicable; ( 5) ea. e of control; 
and ( 6) as little ob. curation by fittings or holders as possible. 
These requirements are more nearly fulfilled by the horizontal 
C. '. arc lamp than by any other, though some of the gas filled 
metallic filament lamps developed for kinema work present very 
hopeful features. 

The object of light projection is to produce a beam of 
light more or less concentrated, and of a shape best calculated 
for the work it has to perform. Normally, this beam would 
be approximately horizontal. In head lights and kinema pro­
jection, and in some lighthouses, the beam does not require to 
be rotated in the horizontal plane, nor altered in the vertical. 
In some lighthouses, however, the beam must be rotated, whilst 
in searchlights it must be capable of being both rotated and 
elevated or depressed. It is as easy to make the projector 
rotate round the whole 360° horizontal as to rotate partly, but 
the elevation and depression present some difficulties on account 
of the movement of the lamp inside. It is very seldom that 
much depres ion is required, but a considerable elevation is 
necessary for anti-aircr aft beams, and in such, special arrange-
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ments are made to secure the lamp. The accompanying outline 
( l<'ig. 1) of a projector shows the ·bape of the complete ap­
paratu . The reflector is at the back, the lamp inside, and the 
.front is closed either by plain glass or lenses, according to the 
work it is designed .for. With the searchlight concentrated 
beam, plain glass is used , lenses being employed when it is 
neces ary to alter the shape of or disperse the beam. It is 
necessary in order to ensure steady burning of the arc, and 
.for th e safety of the r eflector, which is usually o.f glass, that 
draught be avoided. Although the electric arc does not pro­
duce such an intense external heat a· oil , the heat inside the 
barrel becomes very great, and ventilation is provided at the 
back of the mirror with baffle plates, and similarly by a hood 
on the top. The barrel is mounted on two legs or standards 
on trunnions, giving the up and down motion. The leg. are 
bolted to a cast -iron plate with edges turned over like the lid 
of a tin, and this plate is carried on a central piu in a circular 
box underneath. The edges of the top are concentric w.ith 
the bottom part, with sufficient clearance outside to allow the 
top to rotate on the pi~ and wheel on the circumference. Teh 
oox underneath is bolted down fast, and is called the raceway. 
and the current is collected in it by means of brushe on the 
upper part pressing on circular rings in the bottom. The 
brushes and rings do not, however , always function well in the 
collection of the heavy curr nts used, sometimes up to 400 
amperes, and they are now being r placed by flexibl e leads. 
In each side of the barrel ther e i a small door for adjusting 
the arc carbons, and a to look at the naked arc is to court 
blindness, four p eep-holes, two on each . ide, above and below, 
are provided, equipped with red gla. superimposed on green. 

LAMPS . 

The oil ]amps in use in lighthouses can receive but little 
mention here. The oil employed is generally colza, and, due 
to the quantities emJ·loy d , is often pumped through the burner. 
H eadlights using small glow lamps suffer from the linear di­
men ions of the filan..ent. which affect the reflection adversely, 
but the focussing typ~ and the large glow lamps now being 
developed for kinema work are overcomi.ng this difficulty. 
Several gas filled lamps using over 20 ampere at 100 volts 
have been brought furward , using concave mirrors at the base 
of the lamp to concentrate th e image, and the following is a 
description of a very large one :- The filaments are mounted 
in the form of straight bars, a close together as possible, and 
their useful effect is increased by the use of concave mirrors 
behind the filaments, the latter being at the centre of the 
curvature of the mirror. The mirror can be so adjusted that 
the image of the filaments completely fills up the interstices 



46 1-URQI,D DOWSON: 

between them. It has been found possible to make lamps 
taking up to 200 amperes and giving 30,000 to 40,000 hefners. 
Even 100,000 hefners is considered practicable, the chief trouble 
being the size of the lamp bulb. Such lamps are worked at 
about 0.25 watt per hefner. A special process, not disclosed, 
is necessary for sealing in the leading-in wires. 

Elect1·ic Arc Lamps.--'l'he A.C. arc lamp is, on account 
of its light curve, unsuited for the purpose of light projection. 
Owing to both carbons burning practically flat, the curve is 
approximately, as shown in Fig. 2, as much upwards as down­
wards. This can be corrected for vertical arc lamps for down­
ward lighting, by a r eflector above, but as both carbons burn 
equally, both are of the same size, so the bottom carbon obstructs 
the light more than in the C.C. lamp. Tn a focussing lamp 
it would be difficult to feed the carbons if a larger size were 
employed for the top one. 1n a C.C. lamp the positive carbon 
burns faster than the negative, and consequently for equal 
rates of lineal consumption can he made larger. The positive 
also burns to a blunt point, in the centre of which there is 
a depression, called the crater. The negative burns to a point. 
Practically all the light is given off at the positive crater, which 
in addition to its own intrinsic brilliancy also reflects such 
light as proceeds from the negative and the arc itself. The 
curve of light is shown by the curve (Fig. 3), it being o~ 
maximum intensity at about 40° with the horizontal, though 
different types of arc lamps vary somewhat. Although the 
C.C. vertical arc gives better results than the A.C. arc, it is 
obvious that with the vertical type much light would be lost to 
the reflector. Many devices were tried, including double col­
lection and reflection, and then the inclined arc lamp was 
brought. out (Fig. 4) . In this the lamp, instead of being 
vertical, wa inclined at an angle of 45 ° to 60° to it. Whilst this 
was an improvement; in that, with the arc opposite the centre 
of the reflector, the latter was illumined with the rays of 
maximum brightness, a large proportion of the light was lost. 
Finally, the horizontal arc lamp was perfected, and holds the 
premier place up to date. As will be seen from the outline 
sketch of lamp in projector barrel (Fig. 1), practically the 
whole of the useful rays are thrown on the reflector. The 
standard military pattern of horizontal lamp is a focussing · 
lamp, adapted for either hand or automatic feed, and to take 
various sizes of carbons. It can be worked with proper size 
carbons from 60 amperes to 200 amperes, with a potential 
difference across the arc of 60 volts. It weighs a little over 
100 lbs. The body is made of brass and is furnished with 
projecting guides along its length to slide it into the grooves 
in the bottom of the projector barrel, and to lock it in place. 
Each carbon carrier is supported on wheels so that it can 
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move easily in a horizontal direction, and is carried forward 
and backward by a rack geared to the feeding apparatus. Two 
sets of coils are provided for r egulation-the arc striking coils 
and the feeding coils. The arc striking coils are a pair of 
horseshoe magnets, one wound in shunt and one in series. Until 
the arc is struck there is no current in the series coils, and the 
shunt coils tend to pull the carbons together . As soon as the 
carbons touch, however, ther e is a heavy rush of current through 
the series coil, which overpowers the shunt coil and separates 
the carbons, thus striking th e arc. With normal current the 
shunt and series coils balance. The feeding magnet is in shunt 
to arc and is adjusted to work as soon as the voltage r eaches 
60 volts across the arc. It operates a pawl on the feeding rod, 
the armature working on a make, and break like an electric 
bell. The feeding rod is equipped with a hand wheel on the 
outside of the lamp body accessible from the r ear of the projector. 
A switch with a lever handle outside the body of lamp is fitted 
in such a manner that when the handle and feeding rod are 
pushed in as far as they will go and the rod clamped in the 
notch of the switch lever handle, the magnets are disconnected 
and the lamp is in hand feed. Conversely, the switch handle is 
moved down, and the handle with feeding rod pulled out to 
put lamp in automatic feed. A switch, regulating resistances 
in the feed magnet circuit, is also provided. The lamp is always 
started in hand feed, until the arc and the voltage steady up, 
when the switch is moved down, rod pulled out, and the feed 
magnet adjusted till it feeds at 60 volts. 

The horizontal lamp was finally adopted in 1894. 

R EFLECTORS. 

The glass len. es and prisms devised for lighthouses by 
Fresnel gave excellent re. ults, and it was at first attempted 
to adapt the e for searchlights. It was soon found, however , 
that a curved r eflector behind the light source gave better 
re ults . Whilst it wa recognised that the correct form for 
such a r eflector was a paraboloid, difficulties of manufacture 
prevented its use for ome time. Spherical reflectors were 
found to be good, .provided that the focal distance was equal 
to half the radius of the phere. On increasing the size of 
the reflector, however, it was found that their focal distance 
caused pherical aberration, or too great a divergence of the 
rays, and the beam was not sufficiently concentrated. (Fig. 5.) 

Colonel Mangin, of the French Engineers, made a great 
step in advance when he discovered that a silvered glass re­
flector with the concave and convex surfaces ground to spherical 
curves of different radii would correct this spherical aberration. 
(Fig. 6. ) These mirrors gave excellent results, but were very 
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heavy, and very liable to crack on account of the varying 
thickness of glass. 

Paraboloids in glass were first made by Messrs. Chance,. 
who pressed the glass into shape without grinding it, but finally 
Messrs. Schuckert developed a process of grinding the para­
bolic surfaces, and since then paraboloids have been adopted 
with glass of equal thickness. 

Reflectors of metal have been tried, and are still being 
tried. They stand handling better than glass, do not crack, 
and a rifle bullet, which would hatt r a glass mirror, would 
only make a small hole in a metal one. Plating with palladium 
and gold have been tried, but the metal quickly tarnishes, and 
at its best is inferior to silvered glass. The paraboloid would 
give an exactly parallel beam if the ource of light were a 
point, but as it is impo sible to procure a point source of light, 
there is always some divergence from parallelism; and the 
beam becomes a cone. This diver gence depends upon the 
diamete.r of the source of light and the focal length, as will 
be seen from the diagram (Fig. 7) giving the conical angle 
of the r eflected beam. If ac is the source of light, and d the 
centre of same oppo. ite b, the centre of mirror, all rays from 
d are r eflected parall el to the axis; but rays from a to b will 
be reflected to c, and the angle a.bc is the conical angle of the 
r eflected beam. The usual angl e for a concentrated beam is. 
from 2° to 3°. The diameter of the beam, therefore, at great 
distances is considerable. At an angle of 2! per cent. divergence 
the diameter of th e beam at two miles distance is approximately 

160 yards. The formula for finding this is A = lJrd where 

A = diameter of beam, R = distance in a straight line, d = 
diameter of source of light, viz., the crater of the positive carbon, 
and F = the focal length. In practice the focal length must 
always be kept constant, but unless the arc is burning very 
steadily there are always changes in the diameter of the crater, 
and the beam widens and contracts accordingly. The dis­
persion of the beam at a distance may at first ight appear a 
great disadvantage, and to some extent -it certainly is so. In 
the most modern type, of which I will speak later, the area 
has been reduced to one-fourth. The diameter of the 90 c.m. 
projector beam, 160 yards, as before noted, at two miles is, 
however, only such as would cover a small ves el, and again 
much time would be lost · in searching the horizon if the beam 
were too small. If the beam were perfectly parallel the re­
sultant illumination in its area would be much greater, but it 
is easy to calculate how long it would take to examine the 
horizon over an arc of 270° at 5 miles radius with a spot of 
light 3 ft. in diameter. 
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In certain cases, such as harbour defence, it is de .. irabl e 
to keep a certain area under continuous illumination. This is 
done by using a fixed or sentry beam with a wide angle of 
dispersion, varying according to circumstances from 16° to 45°. 
The beam is not circular, but fan-shaped, spread out horizont­
ally, so that there is a continuous belt· of illumination through 
which everything would have to pass. This can be done by 
using a parabolic-elliptical reflector, or by lenses mounted in 
front of the projector in place of the plain glass used with a 
concentrated beam. The parabola-ellipse reflectors have the 
vertical sections parabolic, and the horizontal ones elliptical. 
In this there are practically two foci, and with the source of 
light at the focus nearer the reflector the rays cross at the 
farther one, and spread out beyond. It is evident that the 
distant illumination with these dispersed beams will be less 
than with the concentrated one. The formula for radius of 

· · R R Y 0·65a h R a· . h actwn 1s a = X B w ere = 1stance w1t con-

centrated beam, Ra = distance with disperser, a and B angles 
of concentrated and di persed beams, respectively. The illumi­
nation will decrease just a the cone of rays increases, so that 
if the illumination with conical angle of 2-1 o on a given object 
at a given range be taken as the unit, the illumination with 

a dispersed beam of 16° conical apgle will be ~l or 5/ 32nds. 

A special projector is u ed in the Suez Canal, having two 
len es, one the ordinary diverging lens, and the other a dark 
centre lens, or its equivalent. This is done so that the banks 
only should be lighted, and approaching• vessels not blinded 
by receiving the direct rays. 

Intensification of Refiect01·.-l£ we consider the light rays 
from the arc direct, which are emitted over a solid angle of 
approximately 90°, it ,,m be readily seen that at great distances 
they will be spread over an enormous area, and consequently 
the illumination on any object will be but small. At a distance 
of two miles t)1e diameter of this area would be four miles, 
and a very small proportion of the rays would strike on the 
object. It is the function of the reflector to collect these rays 
and concentrate them over a smaller area, the smaller the angle 
of dispersion, the greater the illumination being on the object. 
This relation is known as the intensification of the reflector, 

which may be written a. 1:'where A is the diameter of reflector, 

and d diameter of source of light. Taking the 90 c.m. projector, 
the intensification would vary from 1,500 to 2,500. 

Mounting of Reftectors.-The greatest care has to be taken 
in mounting the silvered glas reflectors to allow for expansion 
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and to absorb shocks. The mirror is mounted in a ring inside 
the barrel and is provided with padding and spring clips all 
around its periphery. 

Ge·nera.tors and Engines.-The apparatus employed for 
the generation of current is very simple. For motor head 
lights small storage batteries are generally used, and for 
kinema work motor generators. For searchlight work, however, 
motor generators are scarcely admissable, as probably the current 
would be cut off just when most required. Sometimes three or 
four projectors are supplied from one engine-house, but the 
low voltage and the heavy currents required render it difficult 
to transmit to any di tance, and recourse is often had to the 
unit plan, where one engine, one generator, and one projector 
form an unit. 

The main thing sought after is reliability. Commercial 
efficiency does not come into question at all. The plant has 
to run, and must r1m without any argument as to its economy. 
Consequently, everything is built solidly and strongly . . The 
generator used for a 150 ampere arc will take 400 to 500 amperes 
as part of its day's work, without any trouble, and fuses are 
either very generously proportioned or omitted altogether. It 
i~? )l,ig(ll:y. ~JTIJl<2ftaP.t to .~e~~~al the engine rooms and projector 
emp1ae~mi:mt's,' ·and' therefore steam engines have been largely 
displaced by oil engines. 

The apparatus contained in a one-unit engine-room "would 
consist of engine, generator and switchboard containing main 
switch, ammeter, voltmeter, automatic switch, series resistances, 
and substitutional resistances. The oil engines used are of 
two kinds--one, a large horizontal slow-running engine, belted 
to generator; and the other a vertical high-speed direct-coupled 
set. Both usually burn kerosene, and the former would run at 
about 200 revolutions, and the latter 600 to 800. For the 150 
amp. arc the slow-running belted et would have a 3-ton flywheel 
7 ft. in diameter, using a 10-inch heavy belt-often a leather 
link one. To prevent slipping, the dynamo pulley is large, 
generally about 30 inches. The vertical direct-coupled sets are 
also equipped with a heavy flywheel. Ignition is accomplished 
by means of lamps and ignition tubes, a special type of lamp 
with large reservoir burning kerosene at about 10 lbs. pressure. 
Dynamos are compound wound, giving 80 volts at the terminals, 
and are very conservatively rated. The usual speed for both 
belted and direct-coupled generators is 600 r.p.m. The series and 
substitutional resistances are of the same construction, of coils 
of iron wire, and furnished with regulating switches. The 
series resistance is set when working to consume 20 volts, in­
cluding leads to projector at the normal current of the arc, 
but the switch is left free to adjust for starting purposes or 
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in ea e of a drop of voltage. The sub titutional resistance i. 
adju ted to take the normal current of the arc, and i · then 
locked . This latter is controlled by the automatic witch, which 
i.· wired up with its coils in the lamp lead, and the switch con­
tacts in ub titutional re. i. tance circuit. It con ist of an el ctro 
magnet which actuates an armature, which make the connection 
to the sub titutional resistance. When the arc i not working 
the switch connects the generator to the resistance, so that the 
normal current is flowing from the g nerator. As oon a the 
arc i truck the current passing through the electro-magnet 
pulls up the armature and break circuit through the sub­
stitutional resistance. Tbe circuit is then on to the arc through 
the eries resistance. As soon a the arc is broken the armature 
falls and the circuit is once more through the substitutional 
resi tance. This keeps the load from varying from maximum 
to zero, with a consequent varying voltage. A similar arrange­
ment is now used in some electric furnaces . 

Projector Apparatus.-The projector is generally situated 
a short di tance away from the engine room, and connected 
thereto by cables, great car b ing taken to instal these out of 
harm s way . The switchboard in the emplacem ut contains 
a main witch, voltmeter, and amperemeter for the main lead 
and wher remote control is used with switches for th motor. 
mounted on the projector. 

Rernote Control.-Iu all cases the searchlight should be 
directed by an observer at some di tance away, preferably to 
a flank, as it is not practicable to direct a searchltght from the 
emplacement itself. The absolute control of the light hould b 
in this person's hands, and as the best method of pa . ing orders 
leaves a lot to be desired, it is better for him to do the directing 
with his own hands. This is accomplished by fitting two 
motors, one for traversing and one for elevating and depressing 
on the projector itself. 'rhe. e motors are conn cted up to 
regulating switches at the observer's station, either direct from 
the engine room or through relays, or from another ource of 
power. The switches are made with a pointer, and arranged 
so that the beam follows the pointer: viz., if the pointer mov 
to the left the beam is traver ed left, and o on. They are 
of dead man handle type, o that when at re t the beam is 
stationary. The traver ing motor i fixed on the projector ba e, 
and geared to. same, and the elevating and depre sing motor 
is fixed on one of the standards and geared to the barrel through 
a semi-circular rack to give the tilting motion. 

Operation.- When starting up, the generator is run on 
the resistances u ntil the temperature is raised to normal running 
heat, as iron wire increase in resistance as the temperature 
rises. Then the ser ies r esistance is ad justed to normal, and if• 
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voltage is correct, the emplacement is advised that all is ready. 
In the emplacement, the projector havi!lg been thoroughly 
cleaned, lamp carbons fitted, the lamp is pushed well forward 
in the barrel, with carbons well separated, and the maip_ switch 
is closed. Lamps are always started in hand feed, so the 
operator turns the hand wheel till the carbons touch, and then 
quickly separates them. If the arc is struck satisfactorily the 
lamp i · l ft to burn in the forward position till the body of 
projector and reflector is well warmed · up, and then it is slid 
back into focus and placed in automatic feed. As soon as 
the lamp is burning satisfactorily, the observer is informed, 
and he directs that the shutters closing the emplacement be 
opened, or otherwise. If remote control is in use, the operators 
have only to watch the carbons, adjust as necessary, and re­
carbon as required. If there is no remote control, the operators 
have to rotate the projector either by pushing it round, or 
operating the traverse wheel. 

The striking of the arc takes a very heavy current As before 
explained, the engine-room voltage i. 80 volts, and the projector 
voltage 60 volts, so that for 200 amperes the total resistance in 
circuit, excluding the arc, is only 1/ 10th ohm. Very heavy 
currents, therefore , pass at the instant the carbons touch, de­
pending a good deal on the skill and quickness of the operator. 
The carbons are always shaped up before inserting in the 
lamp, the positive carbon being hollowed out at the end, and 
the negative pointed. If the positive forms an irregular crater 
it is necessary to shape it correctly by turning the negative 
round and burning it into shape. As a good regular beam 
depends upon the form and size of the crater in the positive 
carbon, it is most important to keep the carbons in line-the 
negative well centred with the positive. 

The carbon holders are provided with adjusting screws, 
giving a tilting and a slewing movement to effect this. The 
adjustment is done by hand by means of insulated box spanners 
whilst the arc is burning. The operator ope11s the side door, 
and inserts his arm, watching the arc through the peep-hole at 
the side of the door, whilst he twists the carbons into line. 
The carbons vary in size, the largest positive being 38 m.m. 
in diameter, about 1! inches, and the negatives from 26.5 m.m. 
to 18 m.m., and ten inches long. The positives are cored, and 
the negatives solid, and the latter heavily ~oppered . The 
matching of the pairs is being continually altered, as it is 
desirable· to use as thin a negative as possible. Tbe 26 m.m. 
carbon has been replaced by a 20 m.m. one. Carbons have 
to be carefully picked over, and all cracked, split or flawed 
ones rejected, as pieces of these are apt to fly off in a practically 
molten condition, and damage the mirror. Even with the 
best of carbons the glass reflector gets pitted all over with 
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tiny holes caused by the rain of white hot carbon dust, and 
molten copper. This gritty dust covers everything inside and 
falls through the bottom of the projector barrel, necessitating 
covers for the gear wheels, etc. Some carbons flame very much 
and I have seen vivid white flames shooting out sideways five 
and six inches long. 'fhe worst, however, is the hissing or 
roaring arc, which in the confined space of the emplacement is 
practically deafening. It is generally accompanied by a short 
arc, and a corresponding diminution of light. It is supposed 
to be due to enclosure of oxygen in th e crater, and can generally 
be topped by topping the feed and allowing the arc to lengthen. 

ATe DefiectoL-Unles · there were some means of drawing 
down the arc, it would burn principally at the upper edges of 
the carbons. A magnet will attract or repel an electric current 
according to polarity and direction, and advantage is taken of 
this to make a very simple deflector. It consists of a semi­
circular piece of soft iron 9/ 32 in. by 31/31 in., with an inside 
diameter of 4 ]3/ 16 in. This is fixed to the projector barrel 
by two supports, so as to be concentric with the positive carbon. 
It is not fixed directly below the arc, as ther e it would 
soon be de troyed, but about 1} inch fmther .along the length 
of th e positive carbon. Even in this position it is frequently 
damaged by flames from the arc. 

Observing fm· Searchlights.-As before stated, it ia not 
practicable to observe and direct from the searchlight emplace­
ment itself. Viewed from the projector house, the beam appears 
as a cylinder of white light ending abruptly i"n a blunt point, 
like a finger . It does not appear to be conical, and, curiously, 
a good beam has always the appearance of a slight belly in it. 
Objects caught by the beam near at hand shine up brightly like 
silver, but distant objects are not seen . Furthermore the glare 
tires the eyes, and unfits anyone there for observing objects out 
of the direct path of the beam. Viewed from a distance, how­
ever, the beam appears totally different. It is a common idea 
that th e light is working well when the rays appear as dense 
white light. That, however, is simply a measure of atmospheric 
absorption, showing that there is a large quantity of haze or 
mist present. On a good clear night the beam i practically 
invisible, and its path is shown only by the objects it lights upon 
its sweeping round. On land the path is clearly marked as there 
is always some object for it to il1nminate, but when it is sweep­
ing a tract of still water it is often impossible to say whether 
the light is there or not. The beam is always brighte t at the 
centre and facle off to a luminous 'haze at the outer edges. It is 
impo. sible to see a distant object through a beam, so that if two 
beams were out working parallel the observer could not see 
through the first beam the object on which the second might be 
focussed. Consequently, where ther e is more than one search-
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light, the observer's station has to be located with considerable 
care. . 

Radiu. of Action of Searchlights.--Atmospheric absorption 
plays such a large part in the range of searchlights that it is 
mo t difficult to institute comparison. If ·two searchlights have 
to be compared they must both be tested at the same place, and 
time, as it would be practically impossible to reproduce exactly 
the same conditions with any certainty. Atmospheric absorp­
tion may amount in ordinary weather to anything from 4 per 
cent to 50 per cent and in the case of fogs to 100 per cent even. 
The larger th diameter of the searchlight as a rule the greater 
the range, but without knowing all such details as angle of beam, 
focus, diameter of source of light, intrinsic brilliancy of ource, 
&c. , it would be impossible to get even an idea of the proportion. 

A German authority gives the following ranges for a 60-inch 
searchlight:-

Very clear atmosphere 10,000 yards or more. 
Av rage atmosphere . . . . . . 6,000 to 8,000 yards. 

light haze, or rain . . . . . . 3,000 to 4,000 yards. 
Slight fog . . . . . . . . . . 1,000 to 2,000 yards. 

but he does not give the actual illumination on the object. 
Another authority gives for the same sized searchlight 32.25 

lux or 3 candle feet at 2,000 metres or 2186 yards. 
There is no doubt that in th s latitudes we obtain much 

better re ult than in Europe, and the two following trials, made 
by my elf with a 90 m.m. or 36-inch projector may be int r ting: 

1.-0n an ordinary dark night I had the searchlight trained 
on a known rock, and from my position, 1,200 yard from the 
light, and practically the same distance further from the rock, 
1 wa. able to take the range with the artillery range finder. The 
range was checked by the map and foun] to be very clo e it being 
10,100 yards from my poRition and 9,000 yard. approximately 
from the light. 

2.-At the di. tance of 2 miles, 50 chain. from the light, I 
wa. able to read pencil writing in my 11otebook. 

It i. on record that the lights at Frcmantl have be n een 
out at sea at 120 mile from l• remantlf', and a complaint was 
r ceived from Pinjarra, that some signalling with light was 
going on, and on investigation. thi wa also found to be due to 
th light at Fremantle. In tl1 se cases the light must have been 
reflected from some low lying clouds. 

I have no data as i·egards the beams from lighthouse , but 
some of these, specially when well elevat d, have been sighted at 
immense distances. 

Recent Improveme11ts in earchlights.-The improvements 
that have been effected have taken the form of decreasing the 
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!lize of the source of light, the crater of the positive carbon, and 
increasing its intrinsic brilliancy. Beck, in Germany, and 
Sperry, in the United States, have been greatly responsible 
for these advances. In the Sperry projector it is claimed that 
the c.p. of the arc, in spite of its maller ize, is increased from 
50,000 to 90,000 candle-power. Also, owing to the smaller 
size of carbons employed, the area of the beam is reduced to 
one fourth, and the effective illumination increased f';ix times. 
The Sperry lamp, of which a diagram is appended (Fig. 8), 
showing the carbon carriers, has the negative carbon at an 
inclination towards the positive. Carbons are impregnated with 
salt , the positive being 44 inches by t inch, and the negative 
7/16 inch. The current used is the same as for the 1t inch 
and 1 inch carbon , 150 amperes. In all lamps, however, that 
use such a high density of current and impregnated carbons, 
several special devices have to be employed. Owing to the 
great heat in the carbons and carrier , these have to be specially 
cooled. Some water-jacket the carriers, some pump air through 
the carriers and standards up round the carbon., and others 
inject nitrogen round th crater. The rapid rate at which the 
positive carbons burn require special feed arrangements. In 
the Sperry lamp this i done by a thermostat controlling the 
feed magnets in the ba ·e, the former being fixed on the barrel 
of projector so that as . oon a the positive carbon is out of 
focus th li"'ht falls on to it, and actuates it. To keep the 
carbon crater in proper shape the positive carbon is slowly 
rotated all the time. Means have also to be provided for ex­
tracting the smoke and vapour eau. ed by the combustion of the 
salts in the carbon. In most cases the use of nitrogen appear. 
to increase the voltage required for the arc or between the 
carriers to - 70 volts, and the cooling by air reduces it to 
50 volts. The Sperry 36-inch 90 c.m. projector take 75 volts 
at 150 amperes. An Italian projector is noted having in addi­
tion to the usual traversing and elevatjng motor., three other , 
one for rotating the carbons, one for injecting the air, and 
one for extracting the smoke. 

It wa stated that at the battle of Jutland the German 
searchlights were much uperior to our ·, and it was probably 
the Beck lamp that was u ed. Tt was also stated that after 
action had comm need some time the German :firing became 
wild. It is quite possible that the sacrifice of simplicity had 
something to do with that a~ far as the . earchllghtf'; ·went, for 
such a complicated piece of apparatu would fare badly ou 
board ship in a naval action. 

Srnall Projectors, Flood Lighting a.ncl Head Lights.- I have 
drawn attention to the improvement in kinema projection by 
the use of large glow lamps. In the. e small projectors the 
improvement has been twofold-in the lamps and in the choice 
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of the reflector. Lamps are now made focussing with the 
filament wound in a spiral, and much more compact, giving 
a much better light source. As regards refie·ctors, it has been 
pointed out by Lieut.-Commander Harrison that deep reflectors 
are more suitable for this work than the shallow reflectors usuallv 
employed for searchlights. Reflectors can be classed by th.e 
angle subtended by the source with the reflector, as follows:­
Deep reflector. 270°, medium l 80°; shallow 90°. The para­
boloid used in the 90 c.m. diameter, 42 c.m. focus searchlight 
would be about 112°. Tests are given showing that with 100 
c.p. lamps, and a 270° 8-inch diameter reflector a beam measured 
140,000 c.p. 

In a di. cussion on motor head lights at the American Il­
luminating Society it was stated that head lights in common 
.use gave from 10,000 to 100,000 c.p. maximum in direction 
of beam. One concrete case was quoted of a test with a 12 volt . 
lamp and 12 inch reflector enabling objects to be discerned at 
700 yards in advance of the car. 
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(August 13, 1919.) 

RAlNFAI.1LS AND RUN-OFF FROM CATCHMENT 
AREAS. 

BY W. H. SHIELDS. 

Before any work for the conservation of water for irrigation, 
power or water supply, or the utilization of existing streams for 
these purposes, can be designed, there are certain problems 
connected with rainfall, absorption, percolation, and evaporation 
which confront the engineer, and somewhat similar questions 
arise in the design of drains and sewers to get rid of surplus 
and used water. 

It has so often happened that the author has had to study 
these problems in connection with different works, at intervals 
ef perhaps a few years, when convincing figures had to be 
produced afresh, that he thought of tabulating a few in the 
hope that they might aid the West Australian engineers, and 
perhaps others in similar climates, in coming to a decision with­
out a long and tedious research. 

The information in this paper is a compilation, no pretence· 
being made to originality . In some cases r eferen ce may be 
made to where it came from ; in others this precaution may 
have been neglected. 

It should be borne in mind that data has to be very cautiously 
applied, each individual case needing careful consideration­
and that no rule-of-thumb methods can do away with the 
nece sity for skill and judgment on the part of the engineer. 

In Australia data are few, with long distances between , 
and the engineer ha to use his discr etion as to how far th ey can 
be applied to the case he is con. idering; but that figures can 
be imported, interpolated with scanty local records, and applied 
with reasonable accuracy, is proved by the following. Figure 
arrived at in 1893, when preparing data for the water supply­
for the Yilgarn railway . There were no previous data for 
We tern Australia, and very few records of rainfall along the 
r·ailway route. The rain had been gauged at Northam for 
twelve years ; Mooranoppin (66 miles East of Northam ), five 
years; and Southern Cross ( 170 mil es East of Northam) for 
four years. The Resident Engineer , Mr. Jas. Thompson (now 
Engineer-in -Chief for W estern Australia) set t he auth or to hnllt 
up all a vaila.ble information concerning water supply, more 
especially in sub-tropical regions. From information culled from 
the "Proceedings " of th e Institute of Civil Engineers, and else-
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where, it was concluded that for the work in hand it would be 
well to assume that the annual evaporation would reach 7 ft ., 
distributed somewhat as follows:-
January 16 per cent. April. . . . . . . . 6 per cent. 
February . . 14 , May . . . . . . . . 4 , 
March . . . . 9 , June. . . . . . 3 , 
July . . . . 3 per cent. October . . . . 9 per cent. 
August . . . . 3 , November . . 12 , 
September . . 6 , December . . . . 15 , 

Where no gauging had been done the following distribution 
of the rainfall was assumed for general purposes, for although 
the Northam end of the line is in the winter rainfall area, the 
Eastern end of the line is much more subject to summer showers, 
but is still principally a winter rain region:-
January 0 per cerlt. July .... 
Februar~r 0 , August .. 
March . . 0 , September 
April . . 1 , October .. 
May . . . . . . 6 , November . . 
June 28 , December .. 

27 per cent. 
19 
11 
3 
0 
5 

" 
" 
" 
" 
" 

It was a sumed, in the want of better knowledge, that the 
rainfall at Iortham declined in a straight line curve to Moora­
noppin, and thence again in a straight line curve to Southern 
C..:ro s. Owing to the sudden and heavy downfalls of rain, up to 
thr e inches per hour and over, it was thought wise to allow for 
big bye-washes, varying from one foot for every four acres on 
small rock catchment , to one foot per sixty acres for larger 
mixed catchments. · 'l'hese figures are rather astounding when 
compared with the London drainage, but were deduced from 
return from India, Per. ia, Egypt, Algiers, and \Vestern 
America, and, having proved wonderfully correct, are interesting 
as tending to show how accurately data collected in one country 
can be applied to another if care is taken in the selection. 

As the works proceeded, gauges were established at each 
re. ervoir, at first usually thirty to sixty miles apart, and later 
at intermediate dams. 'l'he rainfall is not ahvays as uniform 
as the record tend to prove. On one occasion rain was regist­
ered at all the gauges on a regular falling grade, from 2t inches 
at Northam to 1 inch at Kalgoorlie. On the evening of the 
next day, as the author drove into the Burracoppin catchment 
from the West, the dust was flying from the wheels of the 
buggy. When three or four hundred yards West of the dam, 
he in pected the walled drain along the rock, and found that 
it had not run, but on reaching the reservoir he found that it 
had gained 18 feet of water, which had come in by the Eastern 
drain, a little from the last hundred yards or so of the Western 
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drain, and yet the gauge on the bank gave a r eading con·es­
ponrling with its position on the grade from Northam. 

Most authoritie state that it is safe to take the mean of 
three dry year·, that the average for the three driest years will 
not vary by more than one-sixth from the general mean, and 
that the driest known year will not be 30 per cent. less than the 
average for a period of many years-and, similarly, that the 
maximum will not be more than 50 per cent. above the mean. 

It will be een from Tables 1 and 2 hereunder that the 
minimum, while usually supposed to be at least 70 to 80 per 
cent. of the average in equable climate , may in a climate like 
that of Western Australia fall to 10 per cent. or even less of the 
average rainfall; while the maximum may soar to twice the 
average. Or, again, as much rain may fall in a single month, 
or even day, as would fall in the whole of another year . 

All thes fall. are of importance, for when considering 
overflows, bye-washes and sewers, not only have the heaviest 
annual falls to be considered, but the maximum that may at 
any time fall in a short period; and it is, moreover, possible 
that such a fall may occur when the ground is saturated and 
the storage full . Again, when water has to be stored for town, 
railway, i1~rigation, or power supply, it is the minimum rainfall 
that has to be taken into account. · 

In the early railway water supplies for the Goldfields rail­
way, it was considered that on account of the precarious nature 
of the rainfall for the district through which the railway passed, 
each reservoir should be of sufficient depth to hold two years' 
allowance for evaporation, consumption and ·absorption, should 
it receive no further increment after being filled. The Cool­
gardie water scheme was based on the storage being capable 
of yielding the maximum daily npply without b ing uppl e­
mented . for three years. 

It may be taken as axiomatic that the drier the climate 
the more erratic the rainfall and the smaller the catchment 
available the larger the storage required; whereas the wetter 
the climate, the more equable the rainfall, and the larger the 
catchment the ·maller need the storage be. 

A11other factor that the engineer has to consider is what 
proportion of the annual rainfall will flow off and reach the 
dam site, and here no rule-of-thumb formula can he applied. 
Tt i a matt<'l' for the judgment of the engineer and is dependent 
on a llllmber of factors, such as temperature, porosity, periods 
between and intensity of rainfalls. Refer nee to tati.stic pnh­
li heel in the "Minutes of Proceedings" of the Inst. C. E ., Vol. 
81, pp. 250-251; Vol. 115, p. 49; Vol. 162, pp. 143 and 148; 
Vol. 164, p. 64," and Vol. 204, will show how extremely variable 
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are the tream discharges for corresponding total rainfalls under 
different conditions, even from the same catchment area. As a 
general rul e, after a certain rainfall is reached for a given catch­
ment, additional falls largely and sometimes almost entirely 
flow off. 'fhe water that will flow off certain soils and slopes, 
and the quantity that will flow for a given shower, is a matter 
requiring experience and sound judgment in the engineer 'in 
order to be able to calculate, and has to be consider<'d for each 
individual case. 

In the interior of \Vestern Ausb·alia, both on the Railway 
and Goldfields water supplies, with which the autho1· had to 
deal, no attempt was made to calculate what proportion of the 
annual rainfall wonld reach the reservoir; but each tank was 
taken separately a11d a tabulation made to show how much of 
each fall was likely to reaflh the dam, allowing that the falls 
were far enough apart for the pools to dry between times. ·This 
may sound like erring on the safe side, but the results proved 
the forecasts to be fairly good, e.g., on t he granitic bo. ses (30 
to over 100 or more acres of nearly bare rock outcrops that had 
walled drains built around them) it was fom1d that for falls of 
10 points or under no water· reached the tank, but that for 
over 10 points an ever increasing propo1·tion of water was con­
served, as the hollows and soiled area. fill ed up. On some of 
the more permeabl e catchments it was con. idered 'that no shower 
under 50 points caused any flow, but even then much depended 
on the nature of the rainfall, 20 points falling in two to five 
minutes, causing a far bigger flow than 60 point.· i!istributeil 
over several hours. It must also be remembered that rain often 
falls on ground that is all fissured and almost too hot to touch , 
so that light rains falling gently disappear entirely, whereas a 
heavy do\Ynpour will run off almost anything. 

For some of the phenomenal rainfalls given in 1'able 2 
it can readily be imagined that the aqueducts (if th e tank is 
elevated) and bye-washes need to be ample. 

Town areas with paved streets and yards and mu ch roofing 
are similar in nature to the rock catchments referred to above, 
while suburban areas with ribbon roads, garden and lawns would 
not only yield much less, but it would take longer to reach th e 
sewer. 

The "Engineering Year Book " gives a formula whereby to 
calculate th e run off, viz. :-

Q= Cr( ~ }t 
where Q = the number of cubic feet per econd per acre reaching 
the sewer; C = a constant varying from 0.75 for populou 
towns to 0.30 for suburbs; 1· = th e rainfall in en bic feet per 
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acre; 1 = the average fall per 1,000 ft. towards the sewer , 
a = the number of acres drained. 

In sewer design it is necessary to remember that long sewers 
have considerable storage and that the water takes some con­
siderable time to collect; also that a certain amount of temporary 
flooding is perhaps permissable in exceptionally heavy rain. 

On the inland portio11 of Western Australia the method of 
determining the quantity of water to flow off a catchment is 
rather different from what it is in most places. The streams 
seldom run and there is usually no one near to gauge them when 
they do run. Observations have shown that when 0.10 inch 
of rain had fallen on a bald rock water began to flow, and as 
the rain increased more and more of the rock shed the water 
falling on it, a the natural holes and crevices filled up. A 
table wa accordingly made showing how much of each class 
of catchment area was estimated to give an off-flow when the 
rain reached a certain amount. These were added together and 
plotted, and the same repeated for other rainfalls, and a curve 
run through to even up the figures (see Diagram 1). E .g., 
suppose the catchment area is 1,200 acres, whereof about 40 
acre of bar rock lie close to th e tank; assume that at 0.10 inch 
of rainfall water begins to run down the channel from the 
rock----,0.10 inch, therefore, corresponds with 0 per cent. of 
catchment sl1edding. Again, suppo e that 0.50 inch of rain 
ha fallen in a smart shower:-We may assume that the 40 acres 
of rock is now shedding about 90 poc cent. of the water falling 
on it, and about 80 acres of clay country is sending in its quota 
of, say, 5 per cent. There will now be running off about 34 per 
cent. of the water falling on the 120 acres, or, say, a· per cent. 
of the water falling on the whole catchment. As another ex­
ample, suppose 1 inch of rain to have already fallen steadily, 
and that it is still raining: it is safe to assume that the 40 acres 
of rock is now sending in about 100 per cent. of the water 
falling on it. The 80 acres of clay may be sending in 60 per 
cent. , and an additional 300 acres has come in, and is at the 
moment yielding 26 to 27 per cent. 

Thus by the careful study of the catchment area the curves 
c and w are plotted, as in th.e imaginary case on Diagram 1, and 
from w a third curve is plotted showing the yield in gallons of 
varying showers or rainfall. 

At Southern Cross a neatly concreted little reservoir in 
New Zealand Gully had never been known to catch any water. 
The author was sent up to report, and recommended the pul­
verising of the surface of the friable red soil, composing a .large 
portion of the catchment, by dragging a loaded sledge over it 
ann inducing rapid drainage by steeply falling gathering drains. 
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Since this wa done the reservoir has never lacked water. This 
subsequently became a recognised system, and was put into 
use in a great many places. 

From Mr. Ernest Lloyd Davis (Min. Proc. I.C.E ., Vol. 164) 
have been culled two diagrams, Nos. 2 and 3, the former giving 
the percentage of a town area that may be assumed as impervious 
in terms of the population, a~d the latter giving the average 
intensity of the various showers falling at Birmingham during 
four year., in terms of th eir duration. 

Tables 1, 2 and 4 give some data of rainfall, with numerous 
interesting figures. Those for Australia, Mr. Curlewis, of the 
weather bureau, was kind enough to let me glean from the 
official r ecords. 

It is to be noted that very heavy falls take place in short 
periods, often tailing out to a comparatively light rain for some 
hours-e.g ., in a 3-t-inch rain tb e 3 inches may fall in 20 minutes, 
the other t inch taking from half an hour to several hours to 
fall, and sometimes over an inch falls in five minutes. A diagram 
such as o. 2 could be compiled for Australia, bnt showing much 
heavier falls in the vertical column. In the same locality, height 
and forests have a great effect on rainfall, e.g., at 500 ft ., 46.9 
ins:; at 800 ft ., 50.5 ins.; at 1,700 ft ., 52.1 ins.; at 1,750 ft., 
56.5 ins. ; at 1,800 ft ., 62.1 ins. The rainfall gauged in a ·Gipps­
land fore. t is even mor e ta rtling compared wi th gaugings 
taken all round. (See Victorian Royal Commission on Timber.) 

Another que. tion that has to be con ider ed is what quantity 
of water will be r equi red for any given purpose. One purpose 
for which it is easy to give figures is town water supply, and 
these will be found to vary very considerably according to locality 
and the habits of the inhabitants, from 10 gallons per bead to 
150 gallons per head per day. 

It is evident that the habits of the natives and the manner 
in which the water is distributed will influence the consumption. 
For instance, take a native town in India, where it has been 
the practice to draw from wells: water is brought into the 
town, and standpipes are fixed at the intersections of th e streets, 
but it is not reticulated in the ordinary sen e of the word. Then 
ten gallons per head will probably meet all demands. Take, 
on the other hand, an English town, with water laid on to the 
kitchens, baths and water-closets, then 25 gallons may meet all 
requirements. But where water is used for manufacturing and 
other purposes it may run into much larger figures. Fo1· in ­
stance, at Burton-on-Trent, the brewing town uses 130 gallons per 
head, whereas the residential town East of the river only uses 
25 gallons per head, but the local government insist on the 
sewage being diluted with five times this amount. Sixty gallons 
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per head is considered ample for ordinary Australian towns, 
yet in some American cities it runs up to nearly 200. 

Among the losses, absorption and percolation are so closely 
connected with each individual case that no rule can be given, 
ca:e · occur uch a that at Boorabbin, where what appear~ed to 
be clay, acted like a sieve arid on examination, after the escape 
of the water, was found to be honeycombed by termite or other 
borers, the working being hidden by the debris they contained. 
This led to the puddle having to be carried down over 50 feet 
to the rock, when the tank became water-tight. In small con­
servations, it is usual to make the tank pretty water-tight , ap.d 
in large one to do so as far a conveniently possible. For wh\)re 
a certain amount of percolation can be tolerated at first, silt 
carried by the infiowing water will in time, fill all pores and 
provide a water-proof film over the bottom. The absorption also 
becomes as a rule small after a time and may be added to th 
evaporation. 

A factor that cannot be neglected in water conservation is 
evaporation. Evaporation varies with the climate, but i always 
to be relied upon. It probably reaches it· maximum in the sub­
tropics inland, where th atmosphere i. less moist than in the 
tt'opics, the actual temperature being also probably greater. Heat 
and wind affect it but the hottest days do not show the highest 
evaporation. It is greater from shallow than from deep water 
and more in summer than winter. It is enormously reduced, if 
not eliminated, by roofing the tank, thus shutting off the direct 
a ·tion of the wind and maintaining a moisture laden atmosphere. 
Roofing is only possible for small re:ervoirs. Up to the present, 
at all events, it has been con idered too costly for large ones. 
It is, of course, a matter of finance, whether it is cheap r to pro­
·vide a roof or to store more water. Different authorities give 
tht> average evaporation from reservoirs in temperate climates 
as from 1/6 in. to 1/16 in. per day. In most tropics, it is put 
down as ~ in. to i in. per day. In England and Scotland, 
evaporation is stated to be from 22 ins. to 38 ins. per annum 
l'lnd in Pari 34 ins. 

The evaporation from the water m·face of the reservoirs 
at Tanza, and Baroda (Min. of Proc. I. C. E., Vol. 115) was 6 
feet · for 9 dry months, of which 2.94 feet and 2.96 feet respec­
tively, were for 151 days, J·anuary to May inclusive. At Nagpur 
from lOth October, 1872, to 9th June, 1873, 242 days, covering the 
winter month. , the evaporation wa 4 feet and in the dry sea on, 
1872-73, the evaporation exceeded 50 per cent of the storage. 
T n the Tanza case, 6 feet of evaporation would represent one­
third of the total quantity collected. 

Diagram No. 4, shows graphically, the .distribution through-
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out the year of the mean evaporation at some Australian towns 
a;nd diagram No. 5, is a map given by the meteorological depart­
ment to show the evaporation in various parts of the Common­
wealth. 

Table No. 3, gives some evaporation records for Western 
Australia. 

The paper is accompanied by a number of tables, the more 
important of which may be found from the references given 
below:-

1. Comparison of Rainfall ami Storm-water Discharge (Min. 
of Pi·oc. of Inst. C.E., Vol. 164, p. 64). 

2. Allowances for Storm-water Discharge in London ( com­
piled from Min. of Proc. of Inst. C.E., Vols. 24 and 204, 
principally). 

3. Discharge and Rainfall, Surya River, 1885-1889 (Min. 
Proc. Inst. C.E., Vol. 115, p. 49). 

4. Typical Mean Annual Values of Run-off (General Elec­
tric Co.'s Technical Letters, No. 316). 

5. Typical Variations in Stream Flows (Report of U.S. Geo­
logical Survey on Stream Measurements in 1904) . 

6. Buffalo River, South Africa: Rainfall and Discharge 
(Min. Proc. Inst. C.E., Vol. 81, pp. 250, 251). 

7. Rainfall and Yield of Sweetwater River (Min. Proc. Inst. 
C.E., Vol. 162, p. 143). 

8. Exceptionally Small Annual Stream Flows (Min. Proc. 
Inst. C.E., Vol.162, p.148). 

9. Rainfall, Temperature, Evaporation: Italy, Algiers, 
Spain, Madras (Min. Proc. Inst. C.E., Vol. 27). 

Diagrams 6 to 8 give the annual rainfalls at various places 
in Western Australia where records have been taken .for many 
years. 

Diagram No. 9 gives the mean monthly rainfalls of the 
principal cities in Australia. 

The author would have liked to determine, if the records 
showed that a law could be picked out governing the recurrence 
of good or bad years, but the data available appear insufficient 
and further research in this direction is suggested. 
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TABLR z.-Heavy Ralnfalls recorded in Western 
Australia. 

Locality. Fall . P eriod. Date. 

Points. H ours. 

Albany 210 24 28- 7- 98 
Ajana 263 24 15- 1- 98 
Arrino 395 24 21- 1- 16 
Breaksoa ... 240 28- 1-!!8 
Bamboo Creek 1,010 22-3- 99 
Broomehill 205 11 p.m. to 3 11, 12- 2- 99 

a. m . 
Balla Balla 1,440 21-3- 99 
Balbarrup ... 129 Half-hour 25-4-01 
Boodarie .. . 1,453 21- 3-99 
Bremer Bay 435 24 3-4-08 
Bevorloy .. . 160 25 minutes 10-4-08 
Bruce Rock ll8 15 minutes 26-1-15 
Bridge town 234 24 16- 1- 15 
Boyanup ... 284 24 26- 2-15 
Bedfordalo 284 24 26- 2-15 
Bunbury . .. 338 24 26- 2- 15 
Bannister 264 24 2fi- 2-15 
Beverley ... 308 24 28- 1- 16 
Baandoe ... 223 24 21- 1-16 
Bruce Rock 217 24 21-l- 16 
Berkshire Va lley 208 24 19- 3-17 
Burbanks• 350 24 19-3- 17 
Brucc l'tock 36 24 19- 3- 17 
Booj rakinc 241 24 19- 3-17 
Byanda ... 438 24 19- 3- 17 
Baandec, J 445 24 19- 3- 17 
Bruco Rock, S . ... 373 24 19- 3- 17 
Belka 468 24 19-3- 17 
Bnngulla, :t-1. 347 24 19- 3- 17 
Chinginarra 305 80 minutes 24- 2-99 
Coolgardie 308 3a.m. to 8 a. m. 

Do. 150 l hr. 10 min. 10-3-07 
Corrigin ... 350 24 29- 11- 13 

Do. ... 365 24 20- 12-13 
Cossack 1,323 16-4-00 
Chillingup 325 24 11-4-13 

Do. 401 24 12-4.--13 
Do. 220 24 10- 7-12 
Do. 217 24 9- 10-11 

Carnarvon 260 9·30to 11 p.m. 9- 2-14 
(1! hours) 

Con-igin ... 140 40 minutes 24-8- 15 
Cardonia .. . 404 24 19- 3-17 
Cu.rrow 278 24 19- 3-17 
Cowcowing Centre 381 24 19- 3- 17 
Cowcowing 316 24 19- 3-17 
Totagin ... 470 24 19-3-17 
Cuttening 271 24 19-3-17 
Codg Codgin 359 24 19-3-17 
Chapman, East 296 24 19-3-17 



Heavy Rainfalls J>eooJ>ded ln Westel'n Austl'alla '(Contd). 

Locality. Fall. Period . Date. 

Points. Hours. 

Gottosloo Beaeh .,. 141 55 minutes 30- 6- 17 
Cue 130 30 minutes 1- l - 18 
Derby 1 :309 29- 12- 98 
Dongarra ... 326 24 26- 2-15 
Donnybrook 292 24 26- 2-15 
Doodarding Well 402 24 19-3- 17 
Doodlakine 466 24 19- 3- 17 
Dowering ... 237 24 19- 3-17 
Esperance 232 20 11- 8-97 
l~ yer 54 10 minutes 22-ll-10 
Ejandine ... 300 2 25-2-15 
En ogee 247 24 26·-2-15 
Forest Rill 315 15 8. 9- 10....()5 
Fortescuo 2,336 3-5-00 
Fremantle 340 24 26- 2-15 
Globe Hill 600 24 26-2-99 
Grass more so 7 minutes U- 3- 04 
GroonbusLes 60 20 minutes 7- 2....()7 
Guildford ... 120 40 minutes 3- 8....()9 
Geraldton 330 50 minutes 1- -09 

Do. 324 24 21l- 2- l5 
'Grecnough 310 24 26-2-15 
Giggorwillie :198 24 19- 3- 17 
Glen Erin 419 24 19- 3- 17 
Gunwarr1e 200 15 minntos :31 - 3-1 

Do. 278 24 31- 3- 18 
Harvev 199 24 21-5-14 
ll opetou n :334 24 21- 12- 13 
Henley ).'ark 118 35 minutes 30- 12-14 
Hamelin Pool 272 24 26-2-11\ 
Hill Jtivtr 205 24 26-2-1 5 
Hines Hill 282 24 19-3- 17 
Hill Rh•or 230 24 
Harrismith ... 400 24 26- 1- 18 
Kalga.n River 209 24 26- 1- 18 
Kojomtp 254 24 26-1- 18 
Jarrahdale 311 2~ 24-5- 98 

Do. 211 2 2-8-9 
J a.rra.hdalo Mill 220 2-! 26-2-15 
Ka.rrida.le ... 350 8 a.m . to noon 2-8-98 

Do. 68 Noon to 6 p.m. 2-8·-118 
Do. 300 10· 30 to noon 2- 8- 98 

Kellorberrin 150 20 minutes 28-6- 12 
Kirnpp 1146 24 26-~15 
KatTidale .. . :HS 24 26- 2-15 
Karinia ... ... 522 24 19- 3-17 
Killa.rney ... 246 24 19- 3- 17 
Cape Leeuwin 145 4 2-8-98 
Londondarry 70 15 minutes 23-2-99 
La Grange Ba.y ... 185 35 minutes 20-3-{)0 
Lake Austin 130 20 minutes 10-5....()3 
Laverton ... 104 I 19- 1....()6 



Heavy Rainfalls recorded ln Western Australia (Co , td.: 

Locality. li'a.ll. Period. Date. 

Points. Rours. 

La.wlers ... ... . .. ... 107 7 minutes 17-7-{)7 
Ma.ndalup ... ... ... 50 10 minut.es 26-3-0 L 
Mt. Jackson ... ... ... 84 20 minutes 26-2-03 
Menzies . .. . .. ... . .. 61 14 minutes 2-3-{)3 

Do. ... .. . ... 145 35 minutes 22-2-{)3 
Man<lurah ... ... .. . 380 24 11 . 12-7-07 

Do. .. . ... ... 105 30 minutes 10-8-ll 
Morowa ... . .. ... . .. 220 I 4-12- 14 
Mayfield .. . ... . .. ... 354 2! 15--1-15 
Mundaring .. . .. . ... 360 24 26-2-15 
Marradong ... ... . .. 318 24 26-2- 15 
Mt. Magnet ... ... . .. 225 20 minutes 28- l- 1.6 
Millstream ... ... .. . 1,000 . .. 5-3- 00 
Minnivale ... ... . .. 367 24 19- 3-17 
Melrose . . ~ . . .. ... ... 325 24 Hl- 3-17 
Moora ... .. . ... ... 275 24 19- 3- 17 
Merredin ... ... ... 325 24 19-3--17 
New Norcia ... .. . .. . 110 20 minutes 6-3-94 
Nanta ra. ... ... ... . .. 96 12 minuttls 20-2-99 
Perth Observatory ... ... 103 25 minutes 27-5-98 

Do. ... ... ... 130 4 1!!-8-98 
Peak Hill ... ... . .. 6'i5 3 14-3-{)0 
Perth Observatory ... ... 66 15 minnte8 10-7-{}l 
Plympton ... ... ... 599 4 Q-2-03 
Perth Observatory ... ... 262 . 10 29, 30-4-{)4. 

Do. ... ... .. . 49 15 minutes 29-11-06 
Peak Hill ... ... ... 179 1 6-3-{)7 
Port Hedland ... .. . . .. 585 4~ 20-8-1!1 
Pingelly ... .. . . .. 100 10 minutes 26-11-10 
Point Cloates ... ... . .. 1,0117 . .. 20-1-Q9 
Quindalup ... ... ... 300 2 23-5-98 
Ruby Plains .. . ... ... 345 45 minutes 23-3-{)4 
Roebourne ... ... ... 1,144 . .. 3-4-98 
Rottnest ... ... ... . .. 316 24 26-2-15 
Sorrento ... ... ... . .. 312 1 4-12-14 
Thango .. . ... ... .. . 2,418 . .. 17 to 19-2-96 
Turkey Creek ... ... ... 140 1 24-2-99 

Do. ... ... . .. 110 10 minutes 9--4--03 
Do. ... ... . .. 259 . .. 19 to 24-12-13 
Do. ... ... ... 162 .. . 19 to 24-12-13 
Do. ... ... ... 282 ... 19 to 24-12-13 
Do. ... ... . .. 153 . .. 19 to 24-12-13 
Do. ... .. . 130 . .. 19 to 24-12-13 
Do. ... . .. . .. 97 . .. 19 to 24-12-13 

Tambrey .. . .. . ... . .. 170 30 minutes 14- 2-{)0 
Tammin ... ... ... . .. 120 12 mnutes 29-12-12 
Tammin ... ... .. . . .. 215 . .. 19-3-17 
Tantegin ... ... ... . .. 429 . .. 19-3-17 



Heavy Rainfalls recorded in Westel"n Australia (Co11t 

Locality. 

Wvr1dham ... 
Whim Creek ... 

Do. ... 
Wickepin ... ... 
Wandering ... 
Whim Creek ... 
Williambury ... 
Wagin ... ... 
Wilson's Inlet ... 
Wad·'ering Park . .. 
Wyndham 
Yarraloola 
Yot,ing ... 
Yerilla ... 
Williams Bay 

Do. 
Do. 

Borroloola 
Lake Nash 
'Pine Creek 
Port Darwin 
·l'owell' s Creek 
'!llennant' a Creek 
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Ayr 
Bloomsbury 
Bowen 
Brisbane 

Do. 
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Fall. Pexiod. 

Points. Hours. 
I 

350 I 
~() minutes . .. 

. .. 300 25 minutes 

. .. 211 40 minutes 

. .. 118 2! 

. .. 131 30 minutes 

... 2,941 . .. 

. .. 255 2 

. .. 315 6' 

. .. 595 24 

... 551 ... 

. .. 1,250 ... 

. .. 330 50 minutes 

. .. 195 24 

. .. 191 45 minutes 

. .. 304 4 

. .. 944 24 

... 800 12 

South AustPalia. 

1,440 
1,025 
1,035 
1,167 

819 
922 

Queensland. 

1,820 
1,458 
),740 
1,4fl5 
1,831 
1.118 

Date, 

12- J.-99 
5- 3-QO 

27- 3- 00 
24-4- 00 
7-3-Q6 
3-4- 98 

27-4- 93 
7-4-Q8 

10- 3-17 
19- 3- 7 
4-3-18 

26- 2-99 
20-12-13 
30-12-14 
12-4- 13 
10-S- 17 

. .. 

14-3- 99 
21-3-Q1 
8-1-97 
7-1-97 

27-2-10 
28-2-10 

26-12-Q9 
20-9-90 
14-2-93 
13- 2-93 
31-1-87 
14- 3-{)8 



Heavy Ralnfalls . 

Fall. Period. 
Locality. Date. 

Points. Hours. 

Qoeensland-
Buderim, Mt. 2,620 11- 1-98 
Burketown 1,452 12-3-Q3 
Cairns 2,016 2-4-11 
Ca.rdwell ... 1,824 18-3-Q4 
Crohamhurst (Bla.cka.ll Range) ... 3,571 2-2-93 
Dungeness 2,217 16-3-93 
Geraldton 2,122 29-12- 03 

Do. 2,050 7-4-12 
Ha.rvey Creek 2,775 3- 1-12 
Innisfail . . . 2,050 7-4-11 
Kuranda .. . 2,880 2-4-11 
Macnade Mill (Townsville) 2,333 6- 1-01 
Mambour ... 2,100 9- 1-98 
Woodlands (Yeppoon) 2,307 31- 1-93 
Yandina ... 2,008 1-2- 93 
Yarrabah ... 3,065 2-4-11 
Yeppoon ... 2,005 31-1-93 

New South Wales-
Albury 1,070 14-2- 98 
Anthon.v .. . 1.714 28- 3-87 
Billambill 1,294 14-3-94 
Broger' s Creek 2,005 14-2-98 
Broger's Creek, Upper ... 2,083 13-1-11 
Bulli Mountain ... 1,714 13-2-98 
Condong . . . 1,866 27- 3-87 
Cordea.u River .. . 2,258 14- 2-98 
Kembla Heights 1,746 13-1-11 
Liverpool ... 1,039 23-2-74 
Macksville 1,000* 23-2-o8 
Madden's Creek . .. 1,868 13-1-11 
Morpeth ... 2,152 9-3- 93 
Nepean Tunnel ... 1,230 14-2-98 
Newcastle 1,117 19-3-71 
Parramatta 1,194 28-5-89 
Southhead (near Sydney) 2,012 29-4-41 
_T_oo_\_vo_m_b __ a. ____ ~--~----~~~2,000~~--------~--~5-~3-_9~3---

• 6 · 50 inches in two hours. 

Not in Australia. 

Philadelphia-B.eaviest in one day, in August, 1873-7·3 inches; also in 
July, 1842-6 inches in two hours. 

Morristown (Pennsylvania.)-In 1865-9 inches in five hours. 
Genoa-On one occasion- 32 inches in 24 hours. 
Geneva-6 inches in three hours. 
Marseilles-13 inches in 14 hours. 
Chicago- -o · 97 inches in seven minutes. 
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DIAGRAM 1. 
Small inland catchment areas in Western Ausfra lia, illustrating a 

method of determining off-flow. 
Explanation -

~ 
~ 

W = Ratio of off-flow to rainfall on total catchment area. 
Gals=Total off-flow in ga ll ons. 
C= Ratio of effect ive catchment area to total area. 
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RAINlj'ALI..JS A rn RUN-OFF FROM CATCHMENT 
AH.EAS. 

DISCUSSION . 

Mr. J . Parr said :- The scarcity of rainfall data referred 
to by ]\.Jr. Shield , is characteristic not only of Australia, but of 
the world generally. There are very few records of rainfalls 
in any part of the world over lengthy period. . Dealing recently 
with this question, one modern authority states that rainfall 
records extending much above 50 years are somewhat rare. 
In spite of this, however , Sir Alexander Binnie many years ago 
formulateq certain general rules from the data then available 
and gave them in a paper to the Inst. Civil Engineers in 1891. 
(Vol. 109 ) . 'l'hese rul es were referred to by Mr. Shields. They 
have stood th e te t of experience since 1891 and have been 
shown by variou observers to have a remarkably accurate and 
world-wide application. The following table shows these rules, 
and also shows how th e P erth records compare therewith. 

'rable showing ratios of rainfalls for wet and dry years 
to the average rainfall over a long period:-

No. of Stations . . . . . . . . 
Wet test Y:ear . . . . . . . . . . . 
Average 2 Wet est Years .. 

" 3 " , .... 
, 3 Dry est Years .. 
, 2 " " 

Dry est Year . . . . . . . . . . 

World Average. 
over under 

20 in. 20 in. 
140 13· 
1.49 1.75 
1.32 1.49 
1.26 1.37 

.76 .67 

.70 .62 

.61 .51 
Maximum umber of Year Con-

P erth. 

1.36 
1.26 
1.21 

.84 

.72 

.59 

ecutive above average . . . . 5.11 5.62 4.00 
Maximum umber of Years Con-

secutive below av rage . . . . 5.731 7.38 6.00 

It will be seen that th e P erth records correspond generally 
with those for the world average. In computing the above 
ratios for Perth, the average rainfall has been taken at 34.23 
inches. The recorded average rainfall for Perth (i.e., ince 1876) 
is 33.67 inches only, but as will be explained later, a longer 
period will probably show a higher average up to 34.231 inches. 
For a longer period also, it is apparent that the ratios for Perth 
will still more closely approach the general world average than 
as shown in the table. It will be seen also from Mr. Shields' table 
" Rainfalls in Western Australia," that the maximum and 
minimum ratios to mean for the bulk of the stations in the 
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temperate area, are again in close agreement with the general 
rule and it is probable that many of the irregulari t ies may be 
due to the series of r ecords being too hort to give a true mean, 
rather than to any departure from the rules. The rules are 
found generally to apply to insular climates, but do not generally 
apply to inland continental dry climates, where there are fre ­
quent case· of years ·with no rainfall, or to places that lie 
geographically between regions of markedly lower and higher 
absolute raiufalls. Th y would appear to apply generally to our 
State along the coast south from the Murchison aud throughout 
the agricultural area. , and ea n thu be made u . e of in d a ling 
with rainfall data in this area with reasonable afety. The 
diagrams (6 to 8 ) given by Mr. Shield , bowing th e rainfalls 
at various tations in this State, are particularly inter esting 
and valuable. They are valuable becau e they give in a graphic 
form a vast amount of data , at all times r eady for refer ence, and 
interesting becaus they show a r markable . imilarity in the 
behaviour of the rainfall at th e yarious station at long di tance. 
apart throughout the temprrate part of th State. Thi 
remarkabl e simila rity is, 110 d01tbt, due to the absenc<> of any 
disturbing physical f eatur s . nch as high monntai ns. From a 
con ideration of the ·e diagram:, it is apparent tha t yearly 
rainfalls at intermediate tations could be int rpolated , after a 
few are known to give a starting poiut, or in continuing a rainfall 
record at a place wher e record hav been taken for a number of 
year. , but wh er e a lono-er e. timatc of rainfa ll i desired- the 
estimates being taken from th e r ecords of suitabl e adjoil1in"' 
stations by multiplying th em by the r atio found to <'Xi t between 
the rainfa 11 for known years. 'l'akiug a wid r r ange in Fig. 1 
her eunder , the rainfall. for P ' rth and Adelaid e are plott d in 
the same manner a t l10 ··e by M.r. Shield., and it will be seen 
that here al. o th er is a r <>m arkably close connection. Records 
have be n taken at Adelaid • in cc 1840 and at P erth inc 1876. 
The average rainfall for Adelaide between 1 76 and 19] 7 is 20.61 
inches, and for P erth 33.52. Th e average rainfall for Adelaide 
1 40 to 1917 i 21.05, and a. th e diagr am . how tha t the rainfalls 
at Perth and Ad elaide vary ·orre ·ponclingly , the mean for P erth 
over the period 1840 to 1917 may accordingly be taken as 34.23 
inches. With r egard to the que tion of indications of periodic 
laws, referred to at th e conclusion of Mr. Shields' paper, it is 
apparent, as Mr. hields state , that t he period over which r ecord 
have been taken in thi tate is too short to ,>;,arrant any attempt 
to derive periodical laws ther from. The question ba , however, 
been r ec 11tly dealt with in a mo .. t 1nter e. tiuo- 1 aper contributed 
by Mr. T. W. Keele, M. Tn t. .E. of S:rdney , to the Jn t. Civil 
Engineer . (Vol. 202 ), entitl ed " Investi gation of th e ile River 
Flood R ecords for traces of P eriodicity." Mr. K eele wa led 
from th e observed decline in th e Rainfall in New outh Wales 
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from 1893 to 1902, to inquire if the available r ecords showed· 
other similar long periods of rainfall below the average-not 
only in New South Wales, but in other parts of the wodd as well. 
He found that in New South Wal es from 1845 to 18'59 (14 years) 
there were only three years above the average. He also found 
later that the drought 1893 to 1902 continued to 1912-a total of 
19 years from 1893, with only 3 years above the mean. In the 
course of his inquiries, Mr. Keele obtained long date record. from 
Greenwich (1726 to 1913), Padua (1741 to 1817 ), -and the Nile 
Flood records from A.D. 640 to 1451 and from 1825 to 191.3. To· 
facilitate consideration of the data,'' Residual Mass Curves'' were 
computed and plotted therefrom. The "Residual Ma s Curve" 
is a most usefnl means for showing variatiol1S of rainfall over 
extended periods-or wet and dry periods. Figure 2 shows the 
residual mass curves for the rainfalls at P erth aml Adelaide 
r espectively. 'l'he curve represents the summation of the 
differences between the average rainfall over a long . period and 
the actual rainfall for each year. Thus for Adelaide the a.v rage 
rainfall, 1840 to 1917 is 21.05 inches. For the year 1880 the 
rainfall at Adelaide was 22.48' inches, or 1.43 inche above the 
average. The curve, therefore, shows a rise of 1..43 inches for the 
year 1880. For the year 1881 the rainfall at Adelaide was 18.02 
inches or 3.031 inches below the average. The mass curve·, there­
fore, shows a decrease or fall of 3.03· inche. for the yea1: 1881. 
A horizontal line in the curve thus indicates neither a rise nor 
a fall--i. e. it represents th e average rainfall. A rising line 
indicates rainfall above the average, and a falling line, rainfall 
below the average. Thus from the diagram it will be seen that 
from 1846 to 1864 was a period of heavy rainfall in Adelaide, 
with only five years below the average, and from 1895 to 1902 was 
a period of dry years, with only one yeat' slig-htly above the 
average. The r esidual mass curve is such a. would be produced 
by plotting the rise and fall of a lake which ha. no outlet, and 
which, therefore, has practically a uniform quantity drawn from 
it each year by evaporation. It may also be taken to roughly 
correspond with the rise and fall of the sub oil water that may 
be expected during periods of wet and dry year. . Figure 3 is a 
reproduction of a residual mass curve, plotted by Mr. Keele from 
the r ile Flood r ecords. Having plotted this curve and finding 
no traces of periodicity of 11, 13 or 33 years, it occuned to Mr. 
Keele to test the accuracy of the records by r eference to chrono­
logical events, and he found that the gr at drought. , rains and 
famines corresponded very fairly with the records, and also that 
the dates of everal appearances of Halley's Comet synchronised 
with the greatest declines shown in the residual ma. s curve, 
which, of course, denotes- the longest period. of drought. ' The 
average period between the appearances of Halley 's Comet is 
about 76 years, and the diagram is plotted, showing the periods 
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of 76 years, dating back from 1893•, which was the crest of the 
rainfall curve for Sydney . Wir. Keele concludes : '' Although 
it cannot be claimed from the results t hat there is an exact 
agreement with a 76 year period, it will be seen that the 
conformation of th e crests of the curve with that period is very 
r emarkable. The curve sho~is that the greatest decline of 
modern times, which has existed for the last 15 years over the 
drainage area of the Nile, and which has also been shown to be 
probably universal in varying intensity, according · to local 
conditions, has been repeated at intervals of about 76 years, with 
r~ore or less intensity, so far back into the past as A.D. 640. ' ' 
Mr. Keele considers, therefore, with good grounds, that in order 
to determine the true mean rainfall at any place, it is necessary 
to have a continuous record there for a period of not less than 
76 years, and that anything less than this is liable to result in 
a more or less incorrect estimate of the mean. It may be possible 
for a decline to last 30, 40 or 50 years, in which case the means 
for these years would lead to a very incorrect appreciation of the 
true conditions. Returning to t he residual mass curves for P erth 
and Adelaide (Fig. 2 ), it will be seen that the period for which 
r ecords have been taken at Adelaide is· just long enough 
to give a mean for a 76 year period, and the average 21.05 may 
thus be taken as the true mean for Adelaide, and the correspond­
ing average for P erth, 34.23, as determined above, may be taken 
as approximately the true mean for Perth. The residual mass 
curves (1•-,ig. 2), like the rainfall curves (Fig. 1) , show a remark­
ably close connection between the rainfalls of P erth and Adelaide. 
It will be seen also that a low point in the residual mass curve 
,(1914) has just been passed, and the curve is now on an upvvard 
grade, that in ordinary course may fairly be expected to continue 
upward for some years, as in the period 1846 to 1864. In other 
words, the good rainfall years t ha t have been experienced since 
1914 are likely to be followed by further good r ainfall years, 
such as are hpwn by the Adelaide curve for the period 1847 to 
1864-w hen for a period of 17 years there were only five years 
below the average. If a mean line curve is run through the 
residual mass curve for the Adelaide rainfall, it will be found 
to have a period of about 76 years. 

· The residual mass curve appears to bring out prominently 
the reason for a striking phenomenon experienced in the Perth 
metropolitan area during the years 1915 to 1918, viz: a gradual 
rising of the level of the subsoil water and the water levels in 
the swamps and lakes between Bayswater and Claremont, and 
probably elsewhere. One reason that has been assigned to this 
rise is the clearing of land and the formation of roads ; but this 
cannot account for the rise at Bayswater or Maylands, where 
such clearing and road making are inconsiderable. But a 
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reference to the residual mass curve will show that from 1890 
to 1914 the rainfall was generally below the average, and from 
1910 to 1914, very much below the average, so tl;tat it is to be 
expected there would be a gradual fall in the level of the subsoil 
water up to 19'14, since when the rainfall having having been 
greatly above the average, a corresponding rise in the level of 
the water in the subsoil swamps and lakes is only to be expected. 
The question of salinity of the off-flows from catchment areas 
is of prime importance in this country and one which has not yet 
been thoroughly investigated. There are few countries· in the 
world so badly off for water as Western Australia, and if by tak­
ing suitable measures it i. possible to increase the off-flows from 
catchment areas, and at the same time reduce, ·or, at least, not 
increase the . alinity ; such measures would be of immense value. 
to the State. At present, however, ou:r knowledge of the salinity 
problem is not at all satisfactory. There are certain features 
about it that are well established and have been known for many 
years, such as (a) the bulk, if not all the salt in the off-flow waters 
from catchment areas near the coast, at least, comes from the 
air-salt spray from the ocean is carried up into the air, and 
carried inland either in the shape of small drops of salt water, 
or as vapour and salt dust that result from the evaporation of 
these drops of spray and are deposited inland; (b) the amount 
of salt so deposited annually diminishes in amount as the 
distance from the ocean increases. The decrease is so definite 
that equal amounts of chlorine are found along lines generally 
parallel to the coast. Figure 4 shows the distribution of salt in 
the surface water of the New England and New York States. 
The figures marked on the iso-chlors represent chlorine in parts 
per million of the water. It will be seen that the iso-chlors are 
parallel with the coast line. (c ) Swamps on catchment areas not 
only reduce the off-flows by keeping back water during the wet 
season, but by intense evaporation in summer hold up large 
quantities of salt that are washed into the streams with the 
following winter 's rains, and thus increase the salinity above 
what it would be if the swamps did not exist; (d) by draining 
swamps not only will the off-flow be increased, but the salinity 
reduced. It is possible that the whole solution of the salt problem 
lies in thoroughly examining the catchment area, for places where 
water is held either as swamps or damp patches, and the thorough 
draining of such areas so that no wet or damp surfaces will be 
left where evaporation can go on during the summer. There are 
many places in this country where springs begin to flow towards 
the end of the summer-before any winter rains have fallen. 
These springs would flow all through the summer, but fop the 
fact that the evaporation is so great that all the water is 
evaporated as fast as it comes. to the surface. It is only .when 
the heat of the summer is passed, and evaporation diminishes 
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that the supply from underground becomes greater than the 
evaporation, and the spring begins to run. It is manifest that 
in uch cases the accumulation of salt, due to the evaporation of 
the water during the heat of the summer, will cause the gronud 
about the spring to be salt, and al. o cause the water flowing from 
the springs to be salt for a considerable t im1e after they begin to 
run. In many such cases it might be po. :ible to get a supply 
of good fresh water throughout the summer by laying· subsoil 
drain to tap and collect the water before it reaches the surface 
and so conduct it to the tanks for stock or domestic u e. It i 
generally accepted in this country that clearing a catchment 
area will turn or tend to turn the off-flow water salt. There are, 
however, cases where clearing has improved the off-flow and has 
not made the water salt. The actual position may thus, perhaps, 
be more correctly stated by saying that in many case , but not in 
all, the clearing of a catchment area has caused previously fresh 
water streams to turn salt. 'fhat clearing a catchment area will 
improve the off-flow can be taken as an .established and accepted 
fact-but under what ~onditions such clearing will cause a fresh 
stream to turn salt, is a question .that has not yet been solved, nor 
has any reasonable explanation been published why a fresh 
stream should turn salt under such conditions. On the other 
h~nd, seeing that clearing will improve the off-flow, and as there 
is no increase in the quantity of salt brought on to the catchment 
area, and at the ame time the same amount is taken off 
each year as goe. on to it, there appears good grounds 
for expecting that the salinity would rather decrease 
after clearing. It is impossible for the trees to hold , 
up any great amount of salt in their trunks, branches 
and leave . This is proved by the analysis of the wood ash. It 
is not, therefore, from the wood ashes or the decay of the wood or 
leaves that the salt comes after clearing. During the life of a 
tree, water is taken from the soil by the roots, is forced up to 
the leave., and there vaporated . If the water taken up by the 
root and forced up to the leaves and there evaporated, was of the 
same con titution a. the subsoil moisture, it is clear that there 
would be a large accumulation of alt in the leaves. This is not 
the case. The position is that the concentratien of salt in the sap 
reaches a certain amount, and does not vary greatly from that 
amount for any particular timber. The concentration of salt 
at the leave is probably greater than at the roots, and there is 
(due to · osmosis) steady a flow of salt from the leaves to the 
roots, ju. t as there is a steady flow of water from the roots to the 
leaves-the net result being a practically constant amount of 
salt in the tree. The concentration of salt must thu take place 
in the soil at the roots of the tree, and there will be a large amount 
of comparatively salt water held up, as in a sponge, by .the fibrous 
roots of the trees. When the trees are killed or cleared away, the 
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accumulation of salt \vater o formed will be gradually leached 
away and so make the streams from the catchment area com­
paratively salt till such time a. the whole of th e salt water has . 
disappeared, wheu the . tream hould be carrying off each year 
only just as much salt as is brought to it by the wind and rain 
each year. The tream should thus return to its original degree 
of freshness, and should even become more fresh acGording to the 
increase in the off-flow following on the .clearing. The absolute 
quantity of salt carried to a catchment area every year will 
vary greatly with the distance from the coast. Isolated figures 
are, therefore, of little use for comparison of the quantities 
falling in different countries. The following table gives the 
quantity of sodium chloride brought to the surface of the earth 
·each year at various places in pounds per acre (26 years' 
average):-

Cirencester (England) 
Rothamsted (England) 
Perugia (Italy) . . . . . . . . 
British Guiana . . . . . . . . 
Leederville (West Australia) 
Mundaring (West Australia) .. . . 

Lbs. 
36.10 
24.00 
37.95 

195.00 
1315.00 

58.00 

It is thus apparent that huge quantities of sea salt are 
carried inland every year from the sea, and it is equally apparent 
that on the average the same quantities must be carried back to 
the sea year by year. 
· Such are the salient features of the salinity question. To 
solve the question it is first necessary to ascertain why a catch­
ment should shed salt water after clearing, and the way would 
then be open to determine under what conditions a catchment 
area may be cleared to advantage. It is a question of very 
great importance to the State, and it behoves Water Supply 
Engineers to give it most careful study and investigation. 
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. Mr. Shields, in replying to Mr. Parr and Mr. Cracker, said 
that Mr. Parr 's diagrams of the Nile flow, and salt blown inland 
from the sea were most interesting. It was probable 
that, besides what was blown inland from the sea, a 
great deal of salt was liberated by the decomposition of rocks. 
Althoug·h the Conservator of Forest. stated some time ago that 
salt was not present in the texture or sap of jarrah, there are 
plants tha:t have quite a considerable quantity of it, and it is 
used as a manure for beet-root, sea-kale and some other plants. 
Moreover, the ash of timber was rich in soda, and it was quite 
possible that this soda entered the roots as salt. In Western 
Au tralia there were many brine springs compared with the 
total number of springs. In ome districts it was difficult to find 
a likely valley for conserving water quite free from them. In 
one case where a reservoir was proposed a number of small brine 
. ·prings occurred, and he (the author ) proposed to run a bank 
and ditch round the ar ea and convey the water from it through 
an earthen ware p ipe, to discharge below the reservoir. In another 
site, off the Chapman river, a fre ·h water stream wa. abandoned, 
the anthor believe·, needlessly , because in inking trial shafts 
salt water \va. discovered below the clay. In some springs on 
the Murchison there was r egular fire water, and again in other 
places t here was f ree hydrochloric acid a. in the salt lake where 
conden. ers were erected to condense water for engine purposes 
at \\ oolgangie. At another dam, water was truck at about 
7 feet, ri ing about 50. It tasted like sour milk, and was used to 
make puddle, etc., but tock would not drink it. lt is a common 
thing for wells in jam country to go salt when th e trees have b.een 
1·ingbarked, but in ome instances the author had known t he 
well to recover when heavily drawn upon. It was very pos ible 
that to ringbark a gully would incr ase the flow of water from 
that gully, because eucalypt ar e very gr eedy drinkers, and are 
·upposed to evaporat more \Vater than most trees,; but to ring­
bark a large area would in all probability decrease the off-flow, 
for it i::; held to be proved that the p recipitation was much 
heavier ,in fore t than around them. Hence the gr eat care 
besto,,ed upon forests by the Indian and other governments. 
The pe riods of great drought and excessive rain appeared to be 
world-wiue, except in so far a they migh t be influenced by 
local conditions or thunder showers. 
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BRITISH INSPECTION OF STEEL IN AMERICA. 
BY PROFESSOR H. E. WHITFELD . . 

1.-INTRODUCTORY. 
One of the chief lessons of the War, as far as engineering 

practice is concerned, has been the necessity of standardisation 
in order to obtain quantity production. In obtaining this stan­
dardisation of product, an efficient and elastic system of inspec­
tion is of prime importance. In Great Britain it gradually 
became realised that a large staff of engineering and chemical 
experts was required to deal with the great munition programme 
instituted by the Ministry of Munitions in 1915 and men were 
drawn for the work from all parts of the British Empire. The 
approximate output of the principal kinds of munitions from 
August 4th, 1914 to November 11th, 191g., was recently stated 
by the Director of Inspection to have been as follows :-

1. Field Guns and Howitzers (complete equip-
ments) ........ . .......... . . . 

2. Trench Howitzers (or Mortars) (complete 
equipments) .. . .......... . 

3. Machine Guns (complete equipments) 
4. Rifles (number) ..... . .. . . . .. . 
5. Steel H elmets (number) ...... . .. . 
6. Empty Shell (gun and howitzer ), principal 

natures (number ) . . . . ......... . 
7. FilJed Shell (sent overseas) (complete 

rounds) . . . . . . . . . . . . . . . . . . . 
8. Trench Howitzer Ammunition (complete 

35,000 

19,209 
186,000 

5,050,000 
7,500,000 

257,000,000 

197,000,000 

rounds ) . . . . . . . . . . . . . . . . . . . . 13,156,725 
9. Small Arms Ammunition (complete rounds) 11,141,000,000 

10. Hand Grenades (number)... . . . . . . . . . . 89,000,000 
11. Aerial Bombs (number) . . . . . . . . . . . . . . 4,175,000 
12. Fireworks, Signal Cartridges, Mortar Shells, 

Green Flares, Rockets, etc. (number ) .. 
13. Propellant (tons ) . . . . . . . . . . . . . . . . 
14. High Explosives (tons) ......... . ... . 
15. Motor Transport-Lorrie , Waggon , Ambu­

lances, Tractors, Bicycles, Cars, etc. 
(number) ................. . 

16. Hor e-drawn V hie le - \Vaggon , Kitchens, 
Water Carts, etc. (number) . .... . . . 

100,000,000 
463,000' 
730,000 

141,395 

145,229 
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17. Optical Instruments (Principal ) , Bi>nocu­
lars, Clinometers, Compasses, Range 
Finders, Periscopes, 'l'elescopes, etc. 
(number) . . .·. . . . . . . . . . . . . . . 

95 

792,000 
In addition to the above productions may be mentioned 

Mechanical Warfare Stores, which include tanks, liquid fire and 
gas apparatus, and other horrible engines of destruction. 

To deal with this enormous production, a very large inspec­
tion staff was ultimately evolved. The branch of the depart­
ment which wa located in the nited States and to which the 
author was attached, contained a taff of nearly a thousand. 
The actual evolution of the inspection department, proceeded on 
lines very similar to the change from the regular army of 1914 
to the citizen army at the end of the war. The nucleus con­
sisted of a small number of army officers and mechanics who had 
been trained at Woolwich before the War. The Admiralty had 
also an efficient staff of inspector centred at Sheffield and added 
to their number by appointing to this work many retired naval 
officers, who, although they knew comparatively little about 
steel manufacture to begi11 with , neverthele s made excellent 
inspectors, thereby corroborating Palm rston · statement " \Vhen 
I want a man with a goo 1 head, a good heart, lots of pluck and 
plenty of con'lmon sen. e, I always send for a captain of the 
Navy." 'rhe. e two organi. ation w re u ed to train a great body 
of civilian engineers and ·lwmds, and gradually th e military 
officers were relegated to pecial positions where their long train­
ing wa particularly required. The author of this paper entered 
the service of the Ministry of Munitions in March, 1916, a an 
Assistant Inspector of Steel, wa. trained by the Admiralty at 
Sheffield and Middle borough and ent to the U.S.A in May of 
the same year and stationed at Pittsburgh, under Colonel (then 
Major) Lyddon. 

2.- GENERAL CoNDITIONS IN 'l'HE U.S.A. 
In th e United tate in the early stages of the War there 

wa first of a.ll a stagnation of trade, owing to th e general up­
heaval and disorganisation in the financial world. Early in 
1915, the All~s began to realise that they could not produce 
themselves all the munitions r equired and to place order in a 
desultory and haphazard fashion in the United States. on­
tracts were sometimes taken by firms which had little ability or 
intention to fulfil them, and it wa. not until the British Gov­
ernment placed all their buying in the hands of J. P. Morgan 
and Co., that things were e. tabli hed on a sound basi. . Thi firm 
was able to give valuable advice as to the reliability and experi­
ence of the various manufacturer , and although th ere on­
tinued to be . ome case of failure to fulfil a contract in most 
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cases the American firms did their best to give us a satisfactory 
article within the specified time. The chief thing to complain 
a bout was the price, which was a good deal higher than the cost 
of manufacture in England. Thus American T.N.'r. in 1916, 
eo t us a dollar a pound and half a dollar in 1917, whereas, at 
{~neensfeTry, in hngland, it cost subsequently only 81cl. to man­
ufacture. An 18 pounder shell cost over a pound or nearly 
.(louble the price paid in England. In justice to the American 
:firm , it mu t be pointed out, however, that they were new to 
the work and often lost a lot of time before they could produce 
the specified article, that they had to instal special plant, which 
might only be used for a short period, and th at they were liable 
to alienate the sympathy of a number of their skilled workmen 
of German or Austrian origin. One of the big steel firms told 
the author that out of their 60,000 employees, over 3.0,000 were 
of Au. trian or German origin. 

3.- GENERAL On.G.\ TJS..\.'I'ION 0.1!' INSPECTION. 

The es ential point about an inspection department is that 
it shall be independent of the production department, and be 
only directly concerned with seeing that the goods supplied 
fulfil the pecifications and are properly marked for identifica­
tion. At the same time, it is important that the inspectors should 
work in harmony with the officers responsible for production 
and should be able to advise them and the manufacturers as to 
improvements in the methods of manufacture. Frequently, too: 
the inspection department can give valuable advice to the oon­
tracts department, by suggesting alterations in the designs and 
specification , for it usually happens, that a part that is difficult 
to in pect, is unreliable when produced, and can be designed 
in some simpler form. The inspection in U.S.A. was under a 
director (General Kenyon), who, in turn, was responsible to the 
Director of Munitions in England (Mr. A. H. Collinson), who 
was responsible only to the Mini ter of Munitions. 

The actual procedure in a particular case would be as fol­
lows :- Th e Inspection Department ·would be notified by Messrs. 
J . P. Morgan that a contract (a copy of which was attached ) 
had been placed with a certain firm. The Inspection Depart­
ment would then write to the .firm outlining the proposed method 
of inspection under the contract, and asking when they intended 
to begin manufacture. On receipt of this information, the In­
spection Department would place examiners at the firm 's works 
to carry out the routine inspection and arrange for periodical 
visit as required from inspectors. The head examiner was re­
sponsible for the carrying out of such operations as sampling, 
gauging and marking material which was within specification. 
He had no authority to accept material outside specification, 



BRITISH INSPEC'riON OF STEEL I r AMERICA . 97 

whereas the visiting inspector had certain limited tolerances 
which he could allow. Beyond these he could only reject the 
material outright, or order the defects to be r emedied, or refer 
to headquarters, in cases of doubt. 

4.-DESIDERATA IN SHELL STEEL. 

Most of the steel bought in America for the British Govern­
ment, consisted of shell steel, and to this the paper will chiefly 
refer. It was hipped to England, either as a :finished shell 
(unfilled) or rough f01·gings, as multiple bar (i.e., square, 
round, or gothic bars of a length suitable to make a definite num­
ber of shells), or as small ingots, or ea t. steel slugs, each of 
which would make one 6 inch , 8 inch, 9.2 inch, or 12 inch shell. 
The relative price. were roughly as follows:-

Finished Shell (unfill ed) £80-£110 per ton 
Rough Forgings . . . . . . . . . . 
Bars ......... . ... .. .. . 

£3'0- £40 
£] 6- £20 " 

" 
Shell steel is a medium ca rbon teel, which, in the case of 

high explosive shel l , is not treated by quenching, but allowed 
to cool out slowly in the air or in the fumace. Shrapnel shell 
forgings, on the other hand, are quenched and tempered so as 
to develop the fnll strength of the material. The shrapnel shell 
carries only a small bur ting charge, mo. t of the weight is in 
the bnllets. Conseqnently, it is designed with a thin wall of 
steel which mu t be as strong as po ·sibl e. Even if a crack should 
develop in the quenching, it is unlikely that the charge of pow­
der in the tin cup will bur t the gtin. The high explosive shell 
on th e other hand, requires plenty of metal in any case, for 
shattering effect after the explo. ion and as the T.N.T. explosive 
has imply been melted and run into th e shell, a crack in the wall 
of the shell is almo t certain to lead to th e wrecking of the gun. 
It i for thi. rea. on that the most important part of the inspec­
tion of high explosive shell teel is in th e fir t stages of manu­
facture, i.e., during th ea. ting and fractu ring of the ingot. ot· 
bars, in order to make sure that the steel is free from piping, 
blowhol e., segregation, or other defects, which may lead to 
some hidden crack or weakness. The same defects are no less 
dangerou. in the engineering materials used in time of peace. It 
i. quite irrational for us to accept engineering steels on the basis 
of a fe,v p_hysical tests, without knowing anything of the methods 
of ea. ting, percentage of discard and similar details, for, unl es .. 
the original piping and segregation have been cut away, the 
steel will have hidden cracks and weak patches, which may easily 
be mi. sed in selecting physical te. ts, but are likely to lead to 
the failure of a structure. There is little doubt that many rail­
way accidents have been caused from the sudden breaking of a 
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rail roll d from an ingot from which the whole of the piping and 
segregation had not been cropped. 

5.- lNIIERE 'I' DEFEC'l'S IN ''l'EEI, DUE •ro METHODS OF CASTING 

AND OOLING PIPI TG AND BLOWHOLES. 

A ma. · of ·teel in cooling from a molten condition at about 
1,500 degree centigrade to ordinary temperature, will naturally 
contract about 5 ~ 6 per cent. by volume. The ingot cool from 
the out id inwards and th r efore the tendency i to form a 
cavity in the int rior, where th metal solidifie la t. Thi cavity 
i call d th pipe and occurs near the top of the ingot. The 
actual primary pip or interior cavity iu an ordinary commer­
cial ,000 lb. ingot i usually a bout 400 to 500 cubic inches (1.5 
per cent of th volume.) Thi. would b a vacuum if it were not 
for the gase. , chiefly hydrog 11 and al'bon monoxide, which are 
evolved by th cooling liquid, and which carry up molten steel 
towards the top of the ingot. 'rhi .· liberation of ga es, while 
dimini hing th pipe, eau e the formation of blowholes in the 
steeL The evolution of ga ·e i les ened by the pre ence of alu­
mnuum ilicon, manganes , titanium and oth r deoxidisers. 
Brinell (Journal of Iron and teel In titute, 1902, No.I ), tried 
to e tabli h a quantitative relatiou between the elements Al, i 
and ~In and al ·o to e. tabli h the fact that certain d fin it ingot 
type · hawing piping and blowhol . re pectively, miaht be ex~ 
pected with d finite quantities of th abov elements pr ent in 
th te I at ea ti.ng. In Figure l , are shown certain of Brinell 's 
ingot type . Brin >Jl's ' D n ·ity Quotient " i th e factor Mn 
plus 5.2 , i plus 90 I. 'l'lw mo· t satisfactory ty pl' of ingot 
(No. 5 of th ri ·), wa. obtained wh en the ' Den ity Quotient " 
was 1.66 for 10 inch ingot 01· 2.05 for 14 inch ingots. The 
actual ffect of the dcoxidi. r. . eems to be twofold. ln the 
fir .· t pia •e, such el 'ments as 'i, A 1. e t ., ern to k ep t h ' gase. in 
the> teel a .. ·olid . olution (cf. Baker , Iron and · teel Tn titutc , 
C. . M., 1909, 1911 ) and . econdly they have a direct action on 
the oxyg n, f rrou -oxide etc., which may be in solution in the 
t el and th y tend to prev nt the violent evolution of carbon 

monoxid from a " wild " heat. Boylston (Iron and Steel 
]n .. titut( , 1916 ), fouod that AI and ferro- ilicon produ c>d a 
pipe, but few if any, blowhol s; whit t ferro-titanium and fen·o­
mangane e produced many blowhole , but little, if any, pipe. 
Most of the American shell . teel contain d about 0.60-0.80 Mn 
and 0.25 Si, and the majority of the firms used, ay, 5 ozs. of 
aluminium per ton added to m tal. Thi would give a Brinell 
factor of over 3, including th e alumin ium and produced a 
piping tee!. Without the aluminium the Brinell factor would 
be 1. 0-2.20 and the steel would probably be a blowhole type 
ince th Am rican firms use large ingots (about 20 inch). For 
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a certain chemical composition the tendency to form pipe rather 
than blowholes increases with the casting temperature, and de­
creases with the size of mould. Probably, the greater part of the 
steel which we inspected, was piping steel, but many steel firms 
avoid trouble with pipe by casting and rolling ingots of type 
7-9. These contain originally a number of fairly deep-seated 
blowholes, which are supposed to weld up in rolling. The steel 
is less dense than a piped ingot and is, therefore, easier to roll 
and to heat. The gases in blowholes are chiefly hydrogen and 
monoxide. Nitrogen, oxygen, methane an<l carbon-dioxide are 
less than 2i per cent. of the total gases. The action of the gases 
on the walls of the blowhole is therefore usually a reducing 
a0tion, but even so, it is very doubtful whether the blowhole will 
weld up completely and be as solid as the other portions of the 
ingot. Should the walls of a blowhole become oxidised, they 
would not weld together. Stead has shown that liquid segregates 
with high percentages of impurities sometimes collect in blow­
holes. (Cleveland Institute of Engineer . ) 

Position of Pipe in the l ngot.- More important than the size 
of the pipe is its position in the ingot, and here the common 
American practice of casting ingots with t be big end down is 
markedly inferior to the usual British practice of casting with 
the big end up. Fig. 2 shows Brearley 's diagram (J. I. and S. 
Inst., 1916, No. 2), illustrating th cooling of the layers in the 
two cases, and the way the pipe i. thrown down into the lower 
part of the ingot cast with it big end down. Bottom casting 
also tends to lower the pipe, and does not seem to be generally 
desirable. It is used by some American firms, but is not the 
"\lSual prac.t.ice. Anything that tends to make the ingot cool 
from the bottom upwards and freeze last at the top helps to 
raise the pipe. Slow casting has this effect, and one way of 
bringing this about is multipl e pouring, i.e ., the steel runs from 
the ladle into a basket suspended beneath it and from this two 
or four moulds are filled :imultaneously. Auother method of 
raising the pipe is to use a hot-top or sand-ring at the top of the 
mould, so that the top will freeze last. An extended application 
of the same idea is Hadfield 's process, in which he keeps the top 
molten by adding a little slag and some charcoal, and applying 
an air blast. 

Closing of Pipe and Blowholes by Compression.-The pipe 
<;an only be closed with any certainty if the ingot is compressed 
while the interior is still liquid. Tal bot ( J. I. and S. Inst. , 1915) 
has recently introduced a process of cogging the ingot down 
whilst the centre is still liquid . In this process the segregated 
portion is found to be displaced from its normal position and 
distributed into a ring between the outer walls and the central 
axis. There seems to be little doubt that s01pe American firms 
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also roll while the interior is still more or less liquid, for we 
found similar segregated rings in many cases (cf. Fig. 3). 

Other Defects in Ingots.-Segregation is eau ed by the fact 
that the carbides, sulphides, and pho phides of iron are more 
fusible than the average of the steel, and tend to collect in the 
portion which solidifies last. Carbon probably segr gates most 
in the first place, bnt is r edistributed to some extent by trans­
fusion through the r ed-hot metal. Sulphur and phosphorus are 
only slowly migratory. Ghost lines were originally segregated 
areas rich in carbon and phosphorus. As the 1·netal cooled the 
carbon has migrated and been ejected by the phosphorus from 
the solid solution ( au:-tenite) as it approached the critical point, 
thu leaving a ferrite ghost rich in phosphorus, and this has been 
l'Olled ou t into a thin streak (v. Fig. 4). Segregation frequently 
accompanies pipe or blowholes, and although it occurred to ome 
extent in Arnerican steel, most of the rejections were for piping, 
which was a more noticeable defect. Ghost lines were very 
plentiful in some steels and caused us a lot of trouble in those 
cases. They are only detected when machining begins, and 
are apt to result in minute cracks, as the phosphorus makes the 
metal more brittle along the streak. The fact that the American 
steel on the whole was not so sound as British steel was due 
largely to the rush and hurry of American production. Thus 
there was a tendency to kill the steel with aluminium instead of 
working it quiet in the furnace, to add the ferro-manganese to 
the ladle (causing slag inclusions ( v. Fig. 5) and sometimes 
resulting in a very bad distribution of the manganese in the 
steel), to cast big end down so as to facilitate stripping, to pour 
too quickly, and to allow too little time in the soaking pits, thus 
causing a. spongy structure from the rolling of the green ingots. 
On the other hand, the Americans argued that the steel wa: quite 
sound enough for the purpose for which it was required, and 
this was true in the great majority of cases, when the defective 
material, which is inevitable under our present methods of cast­
ing steel, had been eliminated by a rigid inspection. Even so, 
we would not infrequently come on very bad case. of secondary 
pipe when the shell was being machined (v. Figs. 6, 7 and 8) . 

6 .-INSPECTION FOR PIPE, BLOWHOLES AND SEGREGA'l'ION. 

The unit of steel for inspection purposes was the heat or 
furnace charge. Each heat was given a code letter or letters and 
a number. The code letters were allotted according to the 
particular district, firm, contract, nature of shell, etc.; while 
the code number was a consecutive number given to each suc­
cessive heat. As far as examination for pipe is concerned, each 
ingot was treated as suspect until it was found to be sound 
metal; but for chemical and physical tests the heat was con-
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idered a the unit . The specifications usually called for 20 
per cent. discard from the top of the ingot . In England the 
usual pr actice is to allow the ingot to cool, then saw the discard 
near ly off, leaving 1-12th of th e area to be fra ctured. The e 
fractures are then e:s:amin cl for pipe and segregation, and if 
any uch i found a fre. h discard is cut fr om th e particul ar 
ingots. Drill ings for chemical analy. is are taken on the frac­
tured face at a point which is usually halfway between the 
centre and t he out. ide. 'l'he cutting previous to fracture i 
ometim done with an acetylene torch. Some U.S. firm tried 

u ing a ring-core, but thi wa found und c irable. 'l'he Ad­
miralty peci:fications are much tricter. They call for 33 per 
cent. discard, 1-6th of the area to be left for fracture, and the 
drillings are taken from the centre of the fractured face. The 
American :firms did not conform to th i cold fra cturing proce s 
except in th e case of mall ingots (ea t steel . lug ) made for 
individual shell . The American plants wer e designed for the 
ingots to be . tripped a11 d . nt hot to the soaking pit and then 
to the r olli ng mill , and the 20 per cent. discar d wa. then hot­
sawn from th e bars. Thi: made the detection of pipe and 
segregation more difficult. as the defects were r olled out into 
the centre of th e bar (v. Fig. 9) . The bars were numbered 
so as to pre en e th eir po. ition in the ingot. and tbe top next 
to the discard point was cold fractured. If pipe and segregation 
was ob erved then more f racture were made down the bar. 
until sound .metal was met with. A certain percentage of f r ac­
tures wer e also made in bar lower down the ingot so a. to look 
for econdary pipe or other defect. . 

7 .- I NSPECTlO F OR C JJEMJCAL ANALYSIS. 

Drilling were taken from a fractured fa ce (next to the 
discard ) at a point on the cros. section halfway between the 
centr e and outside. Half of t he. e drilling wer e analysed by 
the firm, a nd the other half ent to the in. pection office and 
checked in our chemical l aborator~' · 'l'he firm mad e a full 
analy is for carbon, mangane. e, ilicon, sulphur and phosphoru , 
and the in. pection department laboratory usually checked the 
carbon and one or more of the other element. . W e frequently 
made over a hundred carbon determinations a day, and by using 
the Fleming bulb, two chemi. ts bad no difficulty in doing this 
work with two electric combu tion furnaces. 

The u ua l specification limits, method of analysis etc., were 
as follows :-

Ca,rbo n.-U ually specified 0.40 to 0.55 per cent . A vari ­
ation of, say, 8 points (0.0 per cent. ) in different parts of the 
same ingot i. frequently found, quite apart from the segregated 
area near the pipe, where the carbon may be doubl e th average. 
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'l'he combustion method of analy is was always u ed, catching 
th '0 2 in ocla lime: · tbi i accurate to 1 or 2 point (0.02 per 
· ut .). The calorimetric method is not accurate enough. If 
the carbon · fell below 0.42 per cent. there was usually difficulty 
in getting th . teel to giv the pecified yield-load in physical 
te t (19 tons), while if it exceeded, say, 0.60 it would possibly 
fail in elongation and might be on the hard side for machining. 
In one or two cases when a heat of about 0.65 carbon managed 
to get through owing to Nome mistake, we had a loud cry of 
woe from the machining firm whose work was set for oft r steel 
and whose output of shells was badly crippled for the time. 

lfangan ese.-Specified a 0.40 to 1.0 per cent., but we 
n uall_,. tried to get the firms to keep it at about 0. 0, as it un­
doubted]~, improve th quality. . t first the American firms 
,,·er apt to u peet ulterior motivr in this, as f rro-ma11ganese 
went up to 400 dollars a toll, and wHx largely controlled by Great 
Britain; however, they found that it paid to keep the man­
gane e up. The distribution of mangane e in st el is u ually 
very uniform but in one or two exceptional eases we found 
mangan ·e varying from 0.60 to 2.0 per cent. in a h at this 
being tlue to bad mixing in the ladle. The method of analy. is 
used wa. usually the ammonium p rsnlphate method. 

Silicon.-Specified n ually as 0.10 to 0.35 per cent. When 
the ili on was low we u ually u pe ted a blowhole teel, and 
p eifi cl three compr ion te t . 'l'h idea wa that the blow­

hole. would roll out into minute ra k , and that these would 
ope11 up in the compre . ion te t. tually, the American steel 
ver~' rarely failed in this way. The n ual methods of analysis 
Wf'l'' Drow11 's or nitro-snlphuric acid ~onw1·sion to 8i0 , , and 
weighing. 1 t i. the mo t tediou of any of th ordinary de­
termination for steel. 

ulphur.-Specifil'd limit wa: at first 0.05 per cent. and 
afterward 0.06 per cent. The injuriou. effects of sulphur de­
pend on the perc ntage of manganese, as mangane ulphide 
i · much 1 s injurious in the steel than iron sulphide, which 
procluc s red-. hortn In sh 1l t l th ratio of M11 to wa 
u ually at 1 a t 10 to 1. Th ch ief danger i that th sulphide 
may coll et in blowholes or other entre and form weak points 
from which a crack will . tart. Tn cases of doubt a to the 
distribution of sulphur it was usual to take a ·ulphur priut. 
This i done by making a fairly . mooth surface and applying 
to it a she t of ordinary silv r bromide printing paper which 
has been soaked in dilute ulphuric acid or hydrochloric acid. 
The blackened spots on the paper indicate th occurrl'ence, of 
sulphides (v. Figs. 10 and 11). The ordinary method of analysis 
was evolution a. H •S and titration with iodine solution. Fig. 12 
hows ·ome streak of Mu ulphide. 
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Phosphonts .-Limit 0.05 per cent., subsequently rai ed to 
0.06 per cent. In basic steel the phosphorus can be reduced in 
the steel making, a11d we had no particular troublt:> in getting 
st.eel within the specified limit . 'l'he cast steel slugs were u ually 
made from acid . tt:>el and in thi. ea. e we had difficulty in keeping 
the phosphorus down, as the phosphorus cannot be reduced in 
the manufacture and low phosphorus pig-iron was scarce at 
the end of the war. One rather curious feature in the case 
of. basic steel was that ome of the pho. phorus occasionally came 
back into the steel from the slag present in the ladle, and the 
re. ult was that the last few ingots would contain higher phos­
phorus. We frequently made a point of taking our chemical 
drillings from one of the last two ingots, so a to guard again t 
this danger. The ordinary method of analysi. was the acid­
alkali titration. Stead (J. I. and S. Inst., 1916, No. 2 ) ha 
recently . hown that sulphur (with sufficient mangane e) and 
phosphorus up to about 0.08 p ·r c nt., or even 0.10 per cent. , 
may improve the quality of teel. 'fhe danger is, of comse, 
that in a st el of, ay, 0.10 p r cent. P or S ther·e ar·e likely 
to bt seoTegatecl patches of mu ·h high r P or l::l content. 

Alurnini11.m and Al1.tmina.- Most American firms used 
aluminium to quieten their . teel in the moulds. Aluminium, 
\vhich is pre ent as such in the teel, i apparently harmless, 
a it forms a solid solution with the iron. Alumina (Al,0 3), 

on the other hand, forms intensely hard angular parti lcs iu 
the steel, and is dangerous, ina. much a it may form the starting 
point of a crack. The Al ,0 3 can u ually be seen under the 
microscope (even 0.002 per cent.), and we also used a method 
of chemical analysis to determine separately the Al and the 
Al ,0 3. It would no doubt be safer to add the aluminium to 
the ladl e, or, alternately, to use titanium in the ladl e. 

Copper, Chiomi·nrn, etc .- The e metals were limited to 0.5 
per cent. and 0.3 per cent., r spectively, but mainly a pre­
cautionary measures. 

8.-PRYSICAL TESTS. 

. The e were mainly useful as a check on the chemical analysis 
and also on the treatment of th e steel during forging. The 
ordinary specifications for forgings called for a 19 tons ( 42,560 
lbs. ) yield and a 35 to 49 tons maximum stress (78,000 to 110,000 
lbs.). As a rule we found that the breaking load in lbs. was 
given roughly by the formula-

E = 25,000 + 1,000(C + P) + 300 Mn 
so that if a steel was within the chemical specification limits it 
would be almost certain to give a satisfactory result for breaking 
load, provided it had not been ill-treated during forging. On 
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the other band, there was often considerable difficulty in getting 
the steel to give a 19 tons yield point. The method used on the 
standard 2-in. test pieces was to scribe a line with one of the 
pop-holes as centre and the other (roughly) a radius. 'l'he 
19 tons per sq. inch load was then applied and taken off. Another 
line was then scribed with the same centre and radius and the 
test piece was adjudged to have fail ed if two distinct line 
could be seen (yield 0.01 inches) . If there was merely a 
thickening of the line, the yield wa said to be 0.005 inches, and 
it counted as a partial failure . There is no doubt that thi 
method of testing will show a yield at a much lower point than 
will the ''drop of the beam,'' the common method in U.S.A. 
Some of th e firms had shown ns hundreds of test. when the 
maximum load wa. about 90,000 to 100,000, and the yield point 
by the drop of th e beam 50,000 to 55,000 lbs. But when we 
finally persuaded them to use the scriber method, quite a number 
of their tests (about half, in fact ) would show a di t inct yield 
a.t 42,500 lbs. There seemed to he a certain amount of pla ticity 
about the steel (possibly due to poro. ity or inclusion ) , o that 
the yield was sometimes only 40 per cent. of the maximum stress. 
P erhaps for the ame r eason th e t eel very r arely showed cracks 
under the compression test (i .e., cru hing a small cylinder , ay 
-! in. diameter by -! in. height, to half its original h'eight ). The 
firms generally found tha t th ey r equired at lea t 0.45 per cent. 
Qarbon and 0.60 manganese in order to get the :vield point with­
out special treatment. 'l'he physical tests on cast steel slugs 
were rather troubl esome, especially as r egard elongation, which 
was :fi"Xed at about 12 per cent. As the slugs were shipped to 
England for forging, and the steel as cast might have an elonga­
tion of only, say, 3 or 4 per cent. , the firms were a1lowed to 
anneal or normalise the selec ted discs in order to get the required 
elongation in the test pieces. rrhe process was rather trouble­
some, but th e results wer e interesting in showing what can be 
done in improving the qualities of steel castings by heat treat­
ment. If a heat of steel failed to pas the ordinary physical 
tests (three pieces were usually taken per heat from large heat . 
and two from small ) , it was usually entenced to b normali ed 
( i .e., heated to, say, 850 deg. C., and cooled in the air ) , or to 
be annealed (i .e., heated to, say, 850 deg. C., and cooled in the 
furnace) . The heat would then be re-tested. This heat treat­
ment of the whole heat was only necessary in the ea e of forging. 
or of small bar. (e .g., 3i in. bars for 18 pdr. shells ), whei1 the 
next operation would be machining. In th e case of cast steel 
slugs or rolled bars for export when sub equent forging would 
take place in England, it was only neces. ary for th e firm. to 
anneal or normalise the test sections so as to show that th e steel 
could ultimately be made to fulfil specifications. It was rather 
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curious that most of the American steel would not pass test when 
.cut straight from the bar, even though ther e was a considerable 
reduction in size from the ingot. Probably the cooling down 
and re-heating (with consequent refinement of grain ) were 
required to improve the quality. The annealing of the test 
sections often caused trouble and delay, and we should have 
been glad to avoid it if possible. 

9.- AIR COOLING. 
If a heat of forgings still failed to give the required yield 

point the only r esources was to air-cool, i .e., to cool it down 
t hrough the critical range fairly quickly (say, in 3 to 6 minutes ) 
by means of an air blast, a practice which was allowed under 
eertain restrictions. The air was applied either as a large 
volume of low pressure air or as an '' air-spray '' issuing from 
a number of small holes. Ther e is no doubt that modifications 
of these processes are likely to be very u. eful in time. of peace. 
By coolincr the . teel rather quicker than the ordinary natural 
cooling, it hould be possible to produce sorbite or even troosite 
instead of pearlite, and develop a considerably greater strength 
in ordinary teels, without running the ri. ks attendant on quench­
ing. The difficulties of the proce are to heat the steel up 
somewhat above the critical point (say, to 850 deg. C.) without 
coar ening the grain too much, and then get it into the air 
blast while still above the critical point, o that t he forging 
will establish its heat gradient from inside to outside, and be 
falling rapidly in temperature as it passes through the range 
f rom 750 deg. to 500 deg. C. No water or oil quenching was 
allowed for the H.E. shell teel, though occasionally a firm 
would be suspected of throwing a r ecalcitrant heat out into 
the snow whilst it was still r ed-hot, or of accidentally playing 
a hose upon it. Incidents such as these were exceptional, but 
were liable to occur occasionally. 

10.- 0'l'IIER TESTS: MICROSCOPIC EXAMINATION. 
In cases of doubt it was usual to take a section of the test­

bar for microscopic examination. In nine cases out of ten 
this would show the eau e of failure to be want of proper heat 
t r eatment; usually the crystalline structure would be too coarse, 
and a b tter annealing or normalising would give th requir cl 
r esult. lf the microstructure showed no apparent defect we 
usually took drillings from the test-piece and analysed them. 
The original drillings being taken near the discard, would often 
have several points higher carbon than th e average of the heat, 
while the lower central portion of the ingot might have several 
points lower carbon than the average. This shows the import­
ance of keeping the carbon and mangane e well above th e mini-
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mum required strength so as to allow a margin, for variation 
in composition. 

In special cases of investigation it was usual to make:­
(a) A general examination. 
(b) An etching with nitric or sulphuric ac.id. 
(c) A sulphur print. 
(d) Chemical analysis, physical tests and microsections 

in accordance with the requirements of the case. 

Another useful method for showing the phosphorus distri­
butions was brought out during the war by J. C. W. Humphrey. 
By means of this the lines of flow of the steel during forging 
can be brought out, though the process requires some practice 
for its manipulation (v. Fig. U). · 

11.-M.A.RKING, ETC. 

In pre-war days it was considered advisable to keep the 
. heat number, ingot number, etc., even on the finished shell, so 

that in the event of a shell failing at proof the whole life history 
of the piece of steel could be retraced. Under the exigencies 
of war these refinements had to be partly abandoned, but the 
heat number was still carried through to the finished shell as 
far as possible. The ingot numbers and bar numbers were kept 
until the bars were broken into shell billets, so that if piping was 
discovered in a bar, the remaining bars might be fractured. 
Actually in U.S.A. we found that we could not strictly keep to 
the original heat number. in many cases, and we allowed the 
re-grouping of steel in which the carbon did not vary by more 
than five points, and manganese plus three times carbon did not 
vary. by more than ten points. In some cases of mixed forgings 
we tried to group steel by the Brinell hardness test, but although 
this wa found to give a good clue to the breaking load (Brinell's 
hard1Je ·s number = twice the maximum load in thou and 
of pounds), it did not give a very good idea of the chemical com­
position and of the probable properties of the group after another 
heat treatment. The French inspec.tors had a system of marking 
heats with symbols to show the approximate carbon grouping, 
and there seems no reason why the British should not use a 
similar method of standardising. The system of stamping and 
marking was very elaborate. Each examiner has his workmark 
which he stamps on the steel to show the particular features which 
he has inspected and passed. Then there are special stamps such 
as ''Arrow X '' meaning ''has passed chemical tests and frac­
ture'' and '' Arrow Diamond '' meaning ''has passed physical 
test." One of the minor troubles of inspection was marking the 
steel so that it could be identified later. Work-marks stamped 
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in the steel were protected by a coat of copal varnish, and con­
tract numbers etc., were painted on with a mixture of white lead 
and boiled linseed oil with a little turpentin~ It was found that 
paper labels could be used if the steel were c~aned and the label 
put on with Bombay gum (or silicate of soda.) After the gum 
was dry, the label was varnished with good outdoor varnish. It 
was found that the silicate of soda will stick fairly well if the 
steel is warmed to 100 deg. C. 

12.-GENER.A.L IMPRESSIONS. 

The Inspection Department was nearly always on good 
terms with the American manufacturers. Some of the smaller 
firms were at first inclined to regard us as red-tape officials, who 
were hampering production, but they soon found that they could 
often get valuable advice from men who were familiar with man­
ufacturing processes, both in England and America. There is 
no doubt that the interchange of ideas between British and 
American engine r and chemi t ha been of great benefit to 
the indu tries of both countries, and it is to be hoped that thi 
will continue after the war. Most of the American firms are 
generou in giving information, and trust to their enterprise and 
to the effici ncy of their organisation rather than to the secrecy 
of their processe in order to keep them elves to the front in the 
industrial world. After the U .. A. came into the war, the 
British manufacturers placed a great deal of information a to 
their proce es, at the disposal of the American firms. The 
Allies, in fact pooled their indu trial knowledge, just as they 
pooled their food supplie , but in the ea e of the French and 
Italians, the language difficulty made the interchange of idea 
rather more difficult. It is hop d that from this great store­
house of industrial experience, Australia will get more than the 
usual few crumbs, and that we hall be able to tart industries 
on a firm basis of accumulated knowledge and ci ntific princi­
ples. If we are to do thi , we mu t tandardise our raw mater­
ials, our manufacturing proce ses and our products and ensure 
that the quality is sati factory. We should, therefore, get all 
the benefit we can from the knowledge and experience gained 
by the British In pection Department during the Great War 
and apply it to the more congenial ta k of fo tering the 
industrie of peace. 
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Fig. 3. 

Segregated Rings in stee l bill ets . 

Fig. 5. 

Showing slag inclusio ns. 

Fi g. 7. 

F ig. 4. 

hawing ghost lin e. 

Fig. 6. 

Fig. 8. 

6, 7 and 8 show seconda ry pipe 111 shell fo r ging . 
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Fig. 9. 

Segregation in stee l billets. 

Fig. 10. 

Sulphur Print of round stee l billet. 

c 



Fig. 11. 
Sulphur Print sh o win g s tr eaks of sulphide segregation. 

Fig. 12. 
Streaks of manganese sulphide in steel. 

Fig. 13. 
Steel billet etched with sulphuric acid showing sQongy 

interior of square shape. also 1)1inute crack. 



Fig. 1-l. 

Phosphorus Print of shell forging showing lines oi flo"­
of metal during working. 

Fig. 15. 

(Cross Section.) 
Fig. 16. 

(Longitudinal Section.) 

15 and 16.-Stcel billet etched with ulphuric acid showing 
eccentric patch of spongy steel and segregation near 
the centre. 
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